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) DEPENDABILITY 
in a dairy cleaner indicates that its per- } 
formance day in and day out is standard. 


Unrelaxing vigilance and constant 
tests check every step in the manufacture 








so that any barrel out of ten thousand 
can be depended upon to deliver tlie 
same standard of efficient, uniform 

cleaning service. 


This factor of dependability is one of | 
many reasons why Wyandotte Dairy- | 
man’s Cleaner and Cleanser has. estab- | 
lished Wyandotte cleanliness as the 
standard of dairy sanitation. 


Ask your supply man for 
“WYANDOTTE” 





Tae J. B. Forp Company Sole Mfrs. Wyandotte, Michigan 
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COMPLETE STERILIZATION 
ABSOLUTE CLEANLINESS 


The CABINET COOLER 


CHERRY- BURRELL 


as one of Cherry-Burrell’s most important contributions to the dairy 
industry, unusual cooling efficiency goes hand in hand with a degree of 
sanitation hitherto unequalled. 


[: this new cooler, acclaimed by leading engineers and plant operators 


With side covers closed, the milk flowing through the CABINET 
COOLER is completely shielded against dust, dirt or any atmospheric 
impurities. 

With side covers opened, the 
CABINET COOLER is instantly 
accessible for cleaning—for thorough 
cleaning in all its parts. 


With side covers closed, the CABI- 
NET COOLER forms a true sterilizing 
chest and. may be completely sterilized 
with steam. 


We will be glad to give you further 
details of this truly remarkable ad- 
vancement in cooling. 


CrHerryY- BURRELL GoRPORATION 
427 W. RANDOLPH STREET, CHICAGO 


BALTIMORE COLUMBUS PITTSBURGH 
BOSTON DETROIT PHILADELPHIA 
CEDAR RAPIDS LITTLE FALLS ST. PAUL 
CINCINNATI! MILWAUKEE SYRACUSE 
CLEVELAND NEW YORK CITY TAMA 
PEORIA 
CHERRY -BURRELL CORPORATION OF CANADA, Lp. 
TCRONTO 2, ONT. - BROCKVILLE, ONT. 


EXPORT CFFICE — 31 UNION SQUARE, NEW YORK CITY 
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Be sure it is a New Series 


AAAAAAAAAAAAAAAAAAAAAAAA 





Correctly proportioned and __ perfectly 
balanced, the New Series bow! will, with 
reasonable care, operate indefinitely with- 
out vibration. Incorporated in its design 
is a means of offsetting certain unbalancing 
effects which may result from carelessness 
in handling. Thus, under any condition 
of use, the New Series bow! will require 
rebalancing at less frequent intervals than 
that of any other separator. 
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De Laval.... 


HERE is a vast difference between a 

De Laval Separator and a New Series 

De Laval.QOne was the finest sepa- 
rator that couldybe built in its day; the 
other is today the world’s finest separator 
by every test. 


The distinction can save you hundreds 
of dollars in lower separator costs. 


The phrase ‘‘New Series’’ on a separator 
is more thana name. It isthe symbol by 
which De Laval designates a new era of 
factory-size separator design and effi- 
ciency. It stands for cleaner skimming, 
lower cost of operation, greater depend- 
ability and still longer life. 


Without such real profit-producing im- 
provements there would have been no 
‘*New Series’’ De Laval. 


Remember, then, in planning for larger 
profits, that a New Serzes De Laval is far 
more economical! than one built prior to 
1926. 


We shall be glad to tell you how the 
New Series De Laval will pay for itself 
in your plant. 


THE DE LAVAL SEPARATOR CO. 
165 Broadway, New York 600 Jackson Bivd., Chicago 
DE LAVAL PACIFIC COMPANY, 61 Beale Street, San Francisco 


THE DE LAVAL COMPANY, Liuurrep 


Peterborough Winnipeg Vancouver 


5c “De Laval Separators 
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In the plant of 


SUBURBAN 
MILK & CREAM CO. 


HAMBURG, N. J. 
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Right: Battery of four 200 
gallon capacity Pure Nickel 
holding tanks and full float- 
ing heater-cooler with Pure 
Nickel sanitary tubes at the 
Suburban Milk & Cream 
Co., Hamburg, N. J. Manw- 
factured and installed by 
JENSEN CREAMERY 
MACHINERY CoO., Inc. 
Bloomfield, N. J. 


Below: Pure Nickel filler 
supply tank at Suburban Milk 
@& Cream Co. 
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bea Pure Nickel equipment safeguards 





quality products 


The experience of the best 
equipped milk plants through- 
out the country proves without 
question that Pure Nickel is the 
most satisfactory dairy equip- 
ment material now available. 

Pure, Solid Nickel is the one 
metal that provides the essen- 
tial properties required for 
efficient, eco- 
nomical dairy 
operation. Be- 
cause Pure 
Nickel resists 


Nickel 


corrosion, it will not contami- 
nate or impart a foreign taste 
to dairy products. It won’t 
rust. Its smooth, non-coated, 
lustrous surface is easily kept 
clean, bright and sanitary. Its 
strength and toughness pro- 
vide adequate resistance to 
wear and prolong equipment 
life. 

Be sure your equipment is 
modern, durable Pure Nickel. 
Consult your regular manu- 
facturer or write direct. 


SEND FOR ASSOCIATE MEMBER 
owremma! ass oF 
“TECHNICAL PUBLICATION NO. 192” 1ce COEAM MAMUTACTURERS 
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Selected Milk 
Sells for More 


To be certain you are obtaining clean, wholesome milk it is 
necessary to use a dependable means for grading 


We Recommend 


The NAFIS REDUCTASE TEST 


Milk samples measured with dipper. 

Dye added with special Burette. 

Samples handled in groups of 16 each 
in 5 wire baskets. 

May be heated with gas, aleohol or 
electricity. 

Parts easily replaced. 

Directions sent with each outfit. 





Simple - Serviceable - Dependable 


No. 452. Nafis Reductase Test 


FOR A CLOSER EXAMINATION 


We Offer MATERIALS for the Microscopic Examination 
of Raw Milk by the 
MODIFIED BREED METHOD 


No. 110— Breed Pipette, .01 c. c. capacity. 

No. 470— Guide Plate, 2” x 43", with 16 
square centimeter areas in 2 rows, as illustrated. 
Also made in 1” x 3” size with 5 square centimeter 
areas in 1 row. 

No. 471— Microscope Slide, 2” x 44” with }” 
margins etched with sand blast, to permit labeling 
with pencil. Also made in 1” x 3” size. (Not 
illustrated.) New reduced prices. 

Newman’s Stain No. 2 — with which staining, 
fat extraction and fixation of smear is done in one 
operation. Write for details. 


No. «70 LOUIS F. NAFIS, Inc. 


Guide Plate 

















Specialists in Test Glassware 
for the Dairy Industries 


17-23 N. Desplaines Street, Chicago, Ill. 





No. 110 
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After all, there 
is nothing quite 
so sanitary as glass 


PFAUDLER GLASS LINED EQUIPMENT—AS SANITARY 
AS THE GLASS YOU DRINK FROM 





Whenever a person drinks milk, 99 times in 100, it is 
from a glass. It’s a habit—a habit associated with 
cleanliness. 


For a product like milk, glass is ideal. As the most 
perishable of all foods, milk is highly susceptible to 
spoilage, not only from lack of sanitation but also 
from contact with metals. 


Experiments conducted at the University of California 
a short time ago, covering a wide range of metals, 

‘proved conclusively that they im- 
parted an undesirable flavor to milk. 
Pfaudler glass lined equipment as- 
sures that pure milk will be kept 
pure under all conditions. Send for 
our 1930 Catalogs! 





Pfaudler ““C-Gal"’ pasteurizers 
have established an enviable 
reputation for performance. 
Dairymen in practically every 
civilized country in the world 
have installed these units. 











THE PFAUDLER CO., Dairy Division, Rochester, N. Y. 











GLASS LINED EQUIPMENT KEEPS PURE MILK PURE 
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SIGNIFICANCE OF COLON-AEROGENES GROUP IN 
ICE CREAM* 


I, SURVIVAL OF MEMBERS OF THE ESCHERICHIA-AEROBACTER 
GROUP TO PASTEURIZING TEMPERATURES IN ICE CREAM 


F. W. FABIAN anv E. W. COULTER 
Michigan State College, East Lansing, Michigan 


INTRODUCTION 


The sanitary significance of particular groups of bacteria in 
food products is of peculiar interest. This is especially true with 
the Escherichia-Aerobacter group for several reasons. In case 
of ice cream considerable importance is attached by some to the 
presence of this group. In this connection several questions 
present themselves. What are the possibilities of this group 
gaining entrance into ice cream? Does the presence of this group 
in retail ice cream indicate inefficient pasteurization or contami- 
nation after pasteurization? Is the health officer justified in 
condemning ice cream which contains members of the Escheri- 
chia-Aerobacter group? What is the possibility of members of 
this group surviving the pasteurizing temperature now in use? 

It was to gain specific information on the last named question 
and general information on some of the other questions raised 
that this work was undertaken. 

The scientific literature contains numerous papers on the bac- 
teriology of ice cream, but very few of these have special refer- 
ence to the Escherichia-Aerobacter group of organisms. Buchan 
(3) in 1910 made a complete bacteriologieal study of 40 small ice 
cream plants in England. Out of 66 cultures isolated and identi- 
fied 47 belonged to the Escherichia-Aerobacter group. _Isola- 
tion was accomplished by the use of bile salt lactose agar. The 


* Received for publication December 23, 1929. Published by permission of the 
Director of the Michigan Agricultural Experiment Station as Journal Article No. 
28 (N.S.). Data from thesis presented in partial fulfillment of the requirements 
for the Master of Science degree in Michigan State College by the junior author. 
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author presented a bacteriological standard for ice cream which 
limited members of the Escherichia-Aerobacter group to 0.1 cc. 
of ice cream as measured by the production of acid and gas in 
bile salt glucose broth. One of the more recent papers on this 
subject is that of Weinzirl and Harris (16). Three methods for 
determining the sanitary quality of ice cream were studied and 
compared. These were the total count, the Escherichia-Aero- 
bacter count and the anaerobic spore test. The authors con- 
cluded that the Escherichia-Aerobacter count is of value in con- 
trolling the efficiency of pasteurization and that it also indicates 
insanitary conditions. The fact that it does not distinguish be- 
tween initial contamination and subsequent multiplication was 
cited as a distinct disadvantage. 

This brief summary indicates the need of further contributions 
to this field of research. The greatest need seems to be for a 
standard method of interpreting the significance of members of 
this group when found in ice cream. However, it is evident that 
this problem when applied to ice cream presents difficulties not 
present when applied to milk. The numerous differences be- 
tween these two dairy products demand more investigation be- 
fore definite conclusions may be reached. Very little work has 
been done to indicate those factors which may or may not affect 
the viability of members of this group in ice cream. This phase 
alone should be of sufficient value to attract further attention. 


PROCEDURE 


To test the ability of the Escherichia-Aerobacter group to 
survive pasteurizing temperatures in ice cream 44 cultures 
were subjected to three different temperatures. Three cultures 
of Aerobacter aerogenes were isolated from water, 2 from soil, and 
2 laboratory stock cultures were used. A total of 33 cultures of 
Escherichia coli were tested. Of this number 13 were isolated 
from water, 11 were of avian origin, 3 of bovine, 1 of equine, 2 
of human, 1 of porcine, 1 of monkey and 1 a laboratory stock 
culture of unknown origin. In addition to these, 4 lactose-fer- 
menting organisms isolated from water but not definitely classi- 
fied were also used. 
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Dolloff’s synthetic medium, (6) standard agar and lactose 
broth to which had been added 1 per cent Andrade’s indicator 
were used. The ice cream mix used in the pasteurizing experi- 
ments contained 12 per cent butter fat, 14 per cent sucrose, 
and 37 per cent total solids. The mix was obtained directly from 
the holding tank and had been pasteurized previously at 62.8°C. 
(145°F.). Ten cubic centimeters of this mix were then distrib- 
uted in pyrex test tubes and heated for 30 minutes in flowing 
steam for two successive days. The tubes were tested for steril- 
ity by seeding into lactose broth. 

An experiment was carried out according to the following pro- 
cedure. The culture to be tested was grown in Dolloff’s medium 
for 24 hours at 37°C. Ten cubic centimeters of sterile ice cream 
mix were then inoculated with 0.1 cc. of this liquid culture which 
contained from ten thousand to fifty thousand bacteria as de- 
termined by the plate method. The culture was thoroughly 
stirred into the mix after which the tube was incubated for 2 
hours at 37°C. At the end of this time one loop-full (4 mm.) 
of the material always produced abundant growth and gas in 
lactose-broth at the end of 24 hours when incubated at 37°C. 

At the end of the 2 hours incubation period the inoculated tubes 
of ice cream mix were placed in an electrically heated and con- 
trolled De Khotinsky type water bath which permitted the ac- 
curate regulation of the bath temperature to within 0.1°C. After 
adjusting the bath to the desired temperature, the tube was im- 
mersed to within 4 inch of the top. A similar tube of ice cream 
mix containing a calibrated thermometer was placed along side 
of the seeded tube. The 30 minute period of heating which was 
used for all the tests was not recorded until the temperature of 
the material in the tube containing the thermometer had reached 
the desired temperature. The temperatures used were 60°C. 
(140°F.), 62.8°C. (145°F.), 65.6°C. (150°F.), 68.3°C. (155°F.). 

Immediately after the 30 minute heating period the tubes were 
immersed in cold water and 0.1 cc. of the heated mix seeded into 
a lactose broth fermentation tube. This was incubated at 37°C. 
for 48 hours and growth recorded. Any fermentation tube show- 
ing 5 per cent gas and sufficient acid to change Andrade’s indica- 
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tor at the end of this period was recorded as positive, indicating a 
survival of the culture at this temperature. Our tests showed 
that while this method was a more delicate means of indicating 
the survival of the bacteria to the different degrees of heat used 


TABLE 1 
The effect on viability of heating members of the Escherichia-Aerobacter group in 
ice cream miz and in skim milk at a temperature of 60°C. (140°F.) for 30 
minutes. Result of four trials 
























































ICE CREAM TRIAL SKIM MILK TRIAL | ICE CREAM TRIAL SKIM MILK TRIAL 
CULTURE NUMBER NUMBER | | CULTURE NUMBER NUMBER 
NUMBER NUMBER | 

1)a|]s3)el1)2)3)a\ }2|2|s{4]1{2{afe 
aw | +] —|+|+4/-|-|-|-|| sa |-|4+]-|4/4+]4/-/4 
sow °F | fle -| -| -| -| -| sa |+|—|- on hn (ee ieee ya 
m i°}?}—|-|-|}-|-|-) sa | -—|-—| —|4+)4+]-|-|4 
Berets) 1112 2- Ri lak beled | abel « 
sw | — | +| + | +) +/ +) -| + sea | —|+|-| 4/4 |-|-|+ 
mW (+) titi ti -} |) A P+] t+] -— tl] lilt 
2*X |} +) —-|-|-|-|-|-|-]} a] +)+)-] +] - aalie 
sox | —|-—| +] +] -| -| -| -l] wow] +| -—| -| 4 -| -| -14 
3i*x | -—| -| + +) -| -| -| -}] 11w | + +/-|+-| + -|+ 
sarow| — | — | — | -| -| -| -| -|] 03w] +] + | - | +) 4+ +| -| + 
35°*W) — | —) —] pl lH] ly eB tpt) tlt] al tl t+ 
szeew| — | — | — | -| -| -| -| -|| 1058 | - | + | - -|-|-|-|- 
ew f+) +) +] +) -| +) +) +] to7a | -|-| ° -|-|-|-|- 
sow | +) +) —| +) -| -| +] - oe | - | +] ° +}+|-|-|+ 
40W +|—|+ | -|-|-|-| =] soow | +| =| ° —| + am i 
wow |= || +] 4} -|-) || ume} =) =|: |-]=]-]-]- 
46 Baad ‘dead (Bi 7 Shae | Thine: 
a7w | -|-|- +| -| -| —| +] 3H | + | - +) + +|-| + 
499A | +) +) —| +) -| 4+) 4+) -| 4P } +] -)} °]-|-|-|-|- 
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BIA | — | — | — | =| -| =| +] =] 220°8| + —|}° ++] 4,-1+ 
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(+) = growth; (—) = no growth; (°) = not determined; (**) = unidentified; 
(*) = Aerobacter aerogenes; all others Escherichia coli. W = water; X = origin 
unknown; A = avian; B = bovine; E = equine; M = monkey; H = human; P = 
porcine; S = soil. 


than the plate method, yet there was sufficient variation to_ren- 
der the results questionable without several trials. In view of 
this fact, the entire mix in the tube was incubated at 37° for 48 
hours and held at room temperature for 48 hours longer and re- 
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tested as a check on the lactose fermentation tube method. A 
negative test was recorded, therefore, only when the lactose fer- 
mentation tube failed to show positive and no bacteria were 
demonstrable in the original mix which had been heated in the 
tube. This procedure was adopted in view of the work of Ayers 
and Johnson (2) on “majority’”’ and “absolute” thermal death 
points of bacteria in milk. 

The first temperature used was 60°C. In this experiment the 
cultures were tested in sterile skim milk as well as in sterile ice 
cream for comparison. In view of previous work which had 


TABLE 2 


Showing variability of different cultures when heated at 62.8°C. (145°F.) for 30 
minutes in ice cream. Results of four trials 
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shown considerable variation when the same cultures were heated 
several times at the same temperature, the cultures were heated 
4 times under identical conditions to test their degree of varia- 
bility. The results are given in detail in table 1. 

On the first trial of the 41 cultures tested, 21 or 51.2 per cent 
of them survived. Sixteen or 39.0 per cent out of the 41 cultures 
survived the second trial, while in the third trial only 25 cuitures 
were tested 9, or 36.0 per cent of which survived and on the fourth 
trial 25, or 57.0 per cent out of the 44 cultures survived. 

There were two cultures which appeared to be very resistant to 
heating in ice cream since they survived all the heatings. Nine 
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cultures survived 3 heatings in ice cream while the rest were vari- 
able. Eleven of the cultures were very sensitive to heat and were 
killed in each instance. 

Skim milk presents quite a different picture. Twenty-two cul- 
tures failed to survive any of the heatings. There were none that 
survived all the heatings; 8 which survived 3 trials while the rest 
were variable. These data indicate the protective action of ice 
cream. 


TABLE 3 
Recapitulation of results secured by heating at temperatures of 60°C., 62.8°C. and 
65.5°C. members of the Escherichia-Aerobacter group four times in ice cream 





TOTAL NUMBER OF NUMBER KILLED | NUMBER | PER CENT 


Taeh HUMSER CULTURES HEATED | SURVIVING | SURVIVING 
| 








60°C. (140°F.) for 30 minutes 

















1 41 20 21 51.2 

2 41 25 16 39.0 

3 25 16 9 36.0 

4 44 19 25 57.0 
62.8°C. (145°F.) for 30 minutes 

1 44 34 10 22.7 

2 44 41 3 6.8 

3 44 43 1 2.2 

4 44 34 10 22.7 
65.5°C. (150°F.) for 30 minutes 

1 40 40 0 0 

2 41 40 1 2.4 

3 41 40 1 2.4 

4 44 40 4 9.1 

















The two most resistant of the cultures were Escherichia coli 
isolated from water. While the number of cultures of Aerobac- 
ter aerogenes as compared to Escherichia coli is too small to draw 
definite conclusions, yet it would appear from these data that 
there was little difference in the heat resistance of the two groups. 

The temperature was then raised to 62.8°C. for 30 minutes 
and the experiment repeated with the same cultures using ice 
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cream and skim milk. Not a single culture survived any of the 4 
heatings at this temperature in skim milk. The results were 
different in ice cream, however, as shown in table 2. In this table 
only those cultures surviving at this temperature are listed, all 
the others having been killed. The results of this experiment are 
given in table 2. 

A study of this table reveals that with one exception (culture 
107) the cultures surviving at 62.8°C. were likewise resistant to 
60°C. However, the number surviving was greatly reduced at 
the higher temperature since only 10 showed growth at 62.8°C. 
while 33 survived one or more heatings at 60°C. 

Considerable variation in the resistance to heat of different 
cultures is likewise exhibited in the different trials. In the first 
trial all survived except one while in the fourth trial all were 
killed except one. 

Since a fairly large percentage of the cultures survived at tem- 
perature of 62.8°C. for 30 minutes in ice cream, the temperature 
was increased to 65.5°C. and the experiment repeated. The 
results of this experiment are given in table 3. A summary of the 
results obtained at 62.8°C. and 60°C. are also given for comparison. 

Cultures number 18, 29, 38, 39 and 50 survived 65.5°C. Cul- 
ture 38 survived 2 out of the 4 trials while all the rest survived 
only 1 out of the 4 trials. 

The experiment was repeated again with ice cream. This 
time the temperature was raised to 68.3°C. and held for 30 
minutes. All the cultures were killed. 


INFLUENCE OF SEPARATE CONSTITUENTS OF ICE CREAM MIX UPON 
THERMAL DEATH POINT OF COLON-AEROGENES ORGANISMS 


Since the results showed that ice cream mix had a greater pro- 
tective action than skim milk, further experiments were carried 
out using the same procedure to determine the effect of each in- 
gredient separately. 

In conducting these experiments an attempt was made to 
study these materials in the same concentration in which they 
occur normally in the ice cream mix. As the formulae used by 
the ice cream manufacturers are varied according to the demands 
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of the consumers, each ingredient was made up in concentrations 
which would include those used in the various formulae available. 

Emulsions of fat were made from 40 per cent cream as a base. 
In order to avoid changing the solids not fat content, weighed 
amounts of cream were added to weighed amounts of water. 
The percentages used were 8 (pH = 6.86), 10, 12, 14, and 16 
(each having a pH of 6.94) per cent respectively of butter fat by 
weight. This material was distributed in 10 cc. amounts in Pyrex 
tubes and autoclaved for 15 minutes at 10 pounds pressure and 
checked for sterility. The rest of the procedure was the same as 


TABLE 4 
The effect on the viability of members of the Escherichia-Aerobacter group when heated 
in various water suspensions of skim milk powder at a temperature of 60°C. 
(140°F.) for 30 minutes 











1 PER CENT pH 6.86 | 2 PER CENT pH 6.86 4 PER CENT pH 6.70 
CULTURE 
NUMBER 
Acid Gas Acid Gas Acid Gas 
50 = - ne “- oo - 
51 - - - - - - 
53 - - _ -_ = o- 
54 one nie cate on -_ om 
55 - - ~ - + + 
56 + + - - - - 
57 - - - - - - 
58 + + - - - - 
59 + + ~ ~ = - 























that previously described for the ice cream mix. The temperature 
used was 60°C. for a period of 30 minutes. Since all the results 
were consistently negative, they have not been tabulated. 

Skim milk powder. Water suspensions of it were prepared in 
1, 2, and 4 per cent concentrations. Sterilization was accom- 
plished by successive heatings in flowing steam. The 9 cultures 
used had previously survived a temperature of 60°C. in skim milk. 
The results are given in table 4. 

The experiments were repeated at a temperature of 62.8°C. for 
30 minutes with consistently negative results so they have not 
been tabulated. 
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Sucrose was made up in 10, 12 and 14 per cent solutions and 
tubed in 10 ce. quantities, sterilized at 10 pounds pressure for 15 
minutes. The cultures used in this experiment were the same 


TABLE 5 
The effect on the viability of members of the Escherichia-Aerobacter group when heated 
in various concentrations of sucrose at a temperature of 60°C. (140°F.) 
for 30 minutes 























4 10 peR CENT pH 6.69 12 PER cent pH 6.52 14 PER CENT pH 6.18 
CULTURE 
NUMBER 
| Acid Gas Acid Gas Acid Gas 
50 -_ = = a -_ -_ 
51 - - - - + + 
53 on = oe -_ _ - 
54 - | - - - - + 
55 + ~ - - ~ 
56 -_ - _ — = on 
57 - - - - - - 
58 + | - - - + - 
59 - | - - - | = - 











TABLE 6 
The effect of the age of the culture when members of the Escherichia-Aerobacter group 
are heated in ice cream miz at a temperature of 61.6°C. (143°F.) 
for 30 minutes 





6 HOURS | 12 HOURS 24 HOURS 
NUMBER | | | 
| Acid | Gas | Acid | Gas Acid | 





7) 
5 





18 ais - 
19 _ 
38 
39 
40 
60 
101 
103 
Con 


L++++ 
he 
| 14 
L+++1+4++ 
L+++14+4++4+ 





| 
l+++! 
| 














as used in skim milk. Three or 33 per cent survived a tempera- 
ture of 60°C. for 30 minutes. However, all were killed when the 
temperature was raised to 62.8°C. and held for 30 minutes. The 
results at 60°C. are given in table 5. 
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It will be noted that sucrose shows a slight protective action. 

Gelatin was tested from two sources of supply. Emulsions were 
made in concentrations ranging from 0.2 to 1.0 per cent at 0.10 
per cent intervals. The pH of each concentration from each 
supply was determined and found to vary quite widely. The 
pH of 0.5 per cent solutions of the samples tested were 5.00, 
5.67, 5.84, and 7.12 respectively. Nine of the more resistant 
strains were heated at 62.8°C. for 30 minutes in these different 
concentrations. All the tests were consistently negative. For 
this reason the data have not been presented in tabulated form. 
The acidity of most of the gelatin tested would preclude the pos- 
sibility of any of the organisms surviving. 


THE EFFECT OF AGE OF THE CULTURE 


Eight of the cultures showing the greatest resistance to heat 
were grown for 6, 12 and 24 hours and at the end of these periods 
were heated to 61.6°C. (143°F.) for 30 minutes. This tempera- 
ture was chosen since it was found to be the temperature at which 
the majority of the above strains were still viable at the end of 30 
minutes. The results are given in table 6. 


DISCUSSION 


The data submitted have provided some interesting facts which 
should prove useful in interpreting the significance of members of 
the Escherichia-Aerobacter group in ice cream. The compari- 
son of the effect on viability produced by heating the different 
cultures in skim milk and in ice cream at the various temperatures 
for 30 minutes indicated definitely that the latter exhibited a 
greater protective action. 

The testing of the ingredients contributed very little to a solu- 
tion of the problem as a whole. Of all the substances tested fat 
was the one from which the greatest protective action was ex- 
pected. The results of heating of the cultures in fat suspensions 
showed great variability. However, the organisms were readily 
killed when heated at a temperature of 60°C. for 30 minutes. 
The data show no influence of concentration of fat upon viability. 

Heating the cultures in skim milk powder showed no correla- 
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tion between concentration and viability. The cultures surviv- 
ing a temperature of 60°C. when heated in skim milk powder 
were the same cultures surviving this temperature when heated in 
skim milk. Also three of these cultures survived in ice cream mix 
at the same temperature. 

Sucrose showed some protective action since some of the cul- 
tures survived at 60°C. 

Gelatin was the one ingredient tested which exhibited the least 
protective effect at the concentration used (0.5 per cent). The 
lowest temperature adopted, 60°C., was sufficient to kill all cul- 
tures heated. 

The marked effect exhibited by the age of culture was found to 
be in accord with previous work of this nature. Thus Robertson 
(11) found that young cells were more susceptible than older cells 
to the action of high temperatures. He concluded that the most 
efficient pasteurization would be obtained if the heat was applied 
before the bacteria had passed the accelerative stage of growth. 
Sherman and Albus (12) found that young cells of bacteria are 
more easily killed by heat and various harmful agents then are 
the old cells of the same organism. Sherman, Stark and Stark 
(13) more recently have reviewed the literature in this connec- 
tion and have given additional data to support this view. 

The variations and apparent inconsistencies were not entirely 
unexpected since other workers have found similar variations. 
Ayers and Johnson (1) studied the effect on viability of 174 cul- 
tures of Escherichia coli when heated in milk and found the fol- 
lowing variations: At a temperature of 62.8°C., 12 cultures sur- 
vived the first trial. On retesting they found 4 cultures surviving 
the second trial, 8 surviving the third trial, 6 surviving the fourth 
trial, 9 surviving the fifth trial, and no cultures surviving the sixth 
trial. The litmus milk tube method wasemployed. The authors 
concluded that a temperature of 65.5°C. for 30 minutes should 
destroy members of the Escherichia-Aerobacter group when heated 
in milk. Tanner and Windsor (15) studied 23 cultures of Es- 
cherichia coli and found only one strain that repeatedly withstood 
heating in sealed tubes for 30 minutes at 62.8°C. If it is common 
for milk to show marked variations, it would not be surprising 
that the ice cream mix should exhibit even greater variations. 
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The question of pH undoubtedly is closely linked with viability. 
According to Cohen (5) mortality is affected by small changes in 
pH. This factor would be impossible to control except under 
laboratory conditions. The mix when stored in the holding tank 
slowly undergoes a decrease in pH. Thus freshly made mix was 
found to have a pH of 6.8, whereas after 48 hours in the holding 
tank the pH had often dropped to 5.5. The determination of 
the significance of this factor would constitute a separate problem 
in itself. 

One of the outstanding characteristics of ice cream mix is its 
viscosity. It seems reasonable to assume that this property 
might have some influence on the protective action exhibited by 
the mix. Extensive work by Joslyn (8) on sirups showed the 
relationship between viscosity and heat penetration. He found 
that an increase in viscosity resulted in a decrease in the rate of 
heat penetration and that the addition of acid reduces the re- 
tardation of heat penetration. This factor which has littlesig- 
nificance under laboratory conditions, might be of importance 
in the commercial pasteurization process. 

The fact that ice cream mix does possess considerable protec- 
tive action for members of the Escherichia-Aerobacter group is 
significant. Thus it is reasonable to assume that this protection 
might be accorded to other groups of bacteria. If this assump- 
tion is correct, it is evident that a temperature of 62.8°C. cannot 
effectively pasteurize ice cream mix. 


SIGNIFICANCE OF ESCHERICHIA-AEROBACTER IN ICE CREAM 


Inasmuch as ice cream is a dairy product and the conditions 
under which dairy products are produced precluded the possi- 
bility of entirely eliminating members of this group, it would seem 
that their presence in ice cream is to be expected to a certain ex- 
tent. Furthermore, it has been shown that certain strains are 
able to survive the temperature which is generally used in pas- 
teurizing ice cream mix viz. 62.8°C. for 30 minutes. It would 
seem, therefore, that qualitative tests would be of little value in 
this connection. Definite quantitative tests plus a history of the 
sample being tested would be of value. 
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It has been pointed out by Mudge (9) and Price (10) that the 
significance of the colon organism when found in milk is in no 
way as great as when found in water. 

There are some, however, who consider that Escherichia coli 
is a valuable index of pasteurizing efficiency and that it can be 
used to check up on plant performance. Jenkins (7) in England 
studied the flora of pasteurized milk and stated that an effectively 
pasteurized milk should not contain lactose fermenting bacilli 
in one cc. and that Escherichia coli is a valuable index of the 
efficiency of the pasteurizing process. Swenarton (14) likewise 
believes that a test for Escherichia coli content can be used to 
check up on plant procedure since the charts indicated a definite 
correlation between coli content and plant procedure. He found 
that control charts from milk plants whose milk was high in coli 
content showed improper heating or irregularity of procedure. 

The one other factor of interest, namely, that of contamina- 
tion after pasteurization is one which should be given due con- 
sideration. Probably the most common source of contamina- 
tion of this type is from the hands of operators. The possibility 
of this source of Escherichia coli was recognized by Winslow (17) 
as early as 1903. A more recent article by Buice, Sehested and 
Dienst (4) reported 337 tests made on hands of 251 food handlers. 
They found 67.7 per cent of the total number showing lactose 
fermenting aerobes. By culturing with Koser’s sodium citrate 
medium, 8.4 per cent of the total proved to be of intestinal origin. 
Close attention to personal hygiene would eliminate this factor 
as one of importance. 


SUMMARY AND CONCLUSIONS 


1. The thermal death point of 33 cultures of Escherichia coli, 
7 cultures of Aerobacter aerogenes and 4 lactose-fermenting or- 
ganisms isolated from water but not definitely classified showed 
considerable variation when heated in ice cream at temperatures 
of 60°C. (140°F.), 62.8°C. (145°F.) and 65.5°C. (150°F.) for 30 
minutes. 

Four determinations were made at a temperature of 60°C. 
The number surviving expressed in per cent was 51.2, 39.0, 36.0 
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and 57.0 respectively for each determination. When the tem- 
perature was increased to 62.8°C., the number surviving decreased 
somewhat being 22.7, 6.8, 2.2 and 22.7 per cent respectively for 
the successive determinations. At a temperature of 65.5°C. 
the number surviving is still further decreased and was 0.0, 
2.4, 2.4 and 9.1 per cent respectively while at a temperature of 
68.3°C. none of the cultures tested survived. 

These data indicate that the critical temperature for the Es- 
cherichia-Aerogenes group in ice cream is about 65.5°C. 

2. Ice cream has a greater protective action than skim milk for 
members of the Escherichia-Aerogenes group when heated at 
temperatures of 60°C. and 62.8°C. for 30 minutes. At the former 
temperature in skim milk there were 22 cultures out of the 44 
cultures used which failed to survive any of the four heatings as 
compared to 11 cultures in ice cream. When the temperature 
was raised to 62.8°C. all the cultures were killed in skim milk in 
each instance while in ice cream there were certain cultures still 
surviving. 

3. Thermal death point determinations made with the cultures 
in the different ingredients used in making ice cream, viz. cream, 
sucrose, milk powder and gelatin failed to show any marked 
protective action of any one of the ingredients. 

4. The susceptibility of bacterial cells to heat is greatly in- 
fluenced by their age, young cells are more readily killed than are 
the older ones. 

5. The ability of many strains of the Escherichia-Aerogenes 
group to survive a temperature of 62.8°C. and even 65.5°C. in 
ice cream should be taken into consideration when using the colon 
test as an index of the efficiency of pasteurization. 

6. From the standpoint of reduction in numbers of the Es- 
cherichia~Aerogenes group, pasteurizing the ice cream mix at a 
temperature of 65.5°C. is more desirable than the lower tempera- 
ture 62.8°C. which is more commonly used. 
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A CASE OF SANDINESS IN PROCESSED CHEESE* 


H. H. SOMMER 
Department of Dairy Husbandry, University of Wisconsin 


This brief article is to record the occurrence of ‘“‘sandiness”’ in 
processed cheese. Two samples of sandy processed cheese were 
examined independently by the writer and by the Wisconsin 
Dairy and Food Commission chemists, respectively. In the 
former case, the sample was submitted by the manufacturer for 
identification of the gritty particles and diagnosis of the defect; 
in the latter case, the sample was obtained from a retailer after 
a consumer had complained that the cheese contained broken 
glass. It is not definitely known, but it is likely that both sam- 
ples originated from the same source. 

The gritty particles were easily visible to the naked eye and 
were obviously crystalline. The appearance and sensation on 
chewing was as though quartz sand had been incorporated into 
the cheese. Figure 1 is a photomicrograph, magnification 24 
times, of the gritty particles removed from the cheese. 

Some of the gritty particles were removed with the aid of a 
scalpel, and cleaned by removing adhering cheese and washing 
successively with water, alcohol and ether. The crystals were 
soluble in hydrochloric and nitric acids, and disintegrated in 
sulphuric acid, leaving a fine precipitate (calcium sulphate). 
Calcium was demonstrated to be present by the oxalate test 
applied either to a solution obtained by dissolving the residue 
after ashing some of the particles, or to a solution obtained by 
dissolving some of the particles in nitric acid, evaporating to dry- 
ness and taking up the residue with water. The acid in combina- 
tion with calcium was found to be an organic acid. The crystal 
structure of the gritty particles suggested that they consisted of 
calcium tartrate. Tartaric acid was demonstrated by the re- 

* Received for publication December 26, 1929. Published with the permission 
of the Director of the Wisconsin Agricultural Experiment Station. 
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ducing action on silver nitrate in ammoniacal solution causing the 
deposition of a silver mirror in a clean test tube, and by Denige’s 
modification of Mohler’s Resorcinol Test. The conclusion was 
that the gritty particles were calcium tartrate. Both laboratories 
working independently and without knowledge of the other’s 
work on a similar sample, arrived at the same conclusion. In the 
case of the sample submitted by the manufacturer it was defi- 





Fig. 1. PHoromicroGRAPH OF CALCIUM TARTRATE CRYSTALS TAKEN FROM SANDY 
or Gritty Processep CHEESE. DarK FIELD ILLUMINATION, 
MAGNIFICATION 24 X 


nitely ascertained that the processed cheese had been made with 
the addition of Rochelle Salts as an emulsifying agent. 

In an isolated attempt to produce this sandy condition by proc- 
essing cheese with the addition of 2.0 per cent Rochelle Salts 
and 0.2 per cent calcium acetate, the sandy condition did not 
result. The solubility of calcium tartrate is 0.016 parts by weight 
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per 100 parts of water at 15°C. From this fact, from the known 
water and calcium content of average cheese, and from the fact 
that emulsifying agents in processed cheese manufacture are used 
in amounts ranging from 0.5 to 3.0 per cent, it is quite certain that 
precipitation of calcium tartrate always occurs in processed 
cheese when tartrate is used as the so-called emulsifying agent. 
The question of whether or not the cheese becomes sandy or 
gritty must then be a question of the size of calcium tartrate 
crystals, rather than their presence or absence. A number of 
conditions likely to affect the size of the calcium tartrate crystals 
suggest themselves, but have not been subjected to experimental 
study. 


CONCLUSION 
In two samples of gritty or sandy processed cheese, the cause 


of the defect was the presence of calcium tartrate crystals of 
macroscopic size. 
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OPTIMUM AMOUNT OF SILAGE IN THE DAIRY RATION 
FOR MOST ECONOMICAL PRODUCTION* 


AVERY D. PRATT anp GEORGE C. WHITE 
Department of Dairy Husbandry, Storrs Agricultural Experiment Station 


PRELIMINARY STATEMENT 


Following the introduction of the silo on farms in the eighties 
a conviction of the great importance of corn silage in the dairy 
ration has become almost universal. These opinions have been 
formed and sustained by numerous reports from experiment sta- 
tions and by practical feeders as well. In more recent years 
the ensiled product of various other plants has been reported 
favorably. Moreover the extension of the uses of silage to beef 
cattle production and to the feeding of sheep and horses has 
been acclaimed with enthusiasm. 

The point of view with which the subject usually has been 
approached experimentally in dairy cattle feeding has involved 
an attempt to discover the influence upon milk yield of substitut- 
ing silage for a portion of the dry roughage of the ration. Under 
such trials the animals have usually responded by an increased 
yield and this has furnished the basis for proclaiming silage as 
the one feed to be desired above all others, without adaptation 
to any particular farm, area, or region. 

During the past few years the Farm Management Department 
of the Connecticut Agricultural College has observed the cost of 
corn production in Connecticut to be relatively high compared 
to hay production, due to the intensive labor and fertilizer re- 
quirements of corn. Furthermore, this matter has attracted the 
attention of the farmers themselves, with the result that many 
have turned to large Southern varieties in an effort to reduce the 
acreage devoted to corn and to obtain cheaper silage. In more 


* Received for publication December 28, 1929. A progress report, being the 
sixth paper dealing with results of silage investigations. 
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recent years corn production for silage has been curtailed to a 
noticeable extent, and in a few cases abandoned, even on large 
farms. This situation applies at least in southern New England 
and probably constitutes a similar problem in other sections as 
well. 

In conjunction with other considerations in the silage feeding 
trials under way at Storrs since 1921, succeeding variety tests by 
the Department of Agronomy, the question of the optimum 
amount of silage for dairy cattle rations under prevailing condi- 
tions has continually injected itself into the problem. Only 
recently has it been possible to attack the problem directly. 
The preceding trials have successively shown: (a) that large 
Southern varieties! which yield the largest gross tonnage of dry 
matter are capable of producing the most milk per acre of corn 
(1); (b) that although such varieties yield silage containing con- 
siderably less grain and a lower percentage of dry matter, accom- 
panied by a somewhat larger percentage of fiber per unit of dry 
matter, yet the dry matter of such corns does not suffer appreci- 
ably in feeding value, the result being that the acre dry matter 
production is a better criterion for measuring the production 
ability of a given variety of corn than its ability to form ears in an 
average growing season (2); (c) a cow receiving the standard 
amount of silage will adjust her total dry matter consumption by 
ingestion of hay in amount to correspond with the dry matter 
content of the silage (unpublished data (3)). 

In consideration of the change in economic conditions favoring 
more and better hay production on tillable land, and with an 
appreciation of the marked advance that has taken place in the 
feeding of better grain rations to cows during the past few years, 
the authors felt that it was timely to attack the problem from this 
new point of view. The question may be propounded: ‘‘Does 
the cow now respond as favorably to silage as she did upon the 
prevailing rations in use at the time of and for several years 
following the introduction of the silo?’ 


1 The growing season for corn is about 120 days in Connecticut. 
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HISTORICAL STATEMENT 


It does not seem appropriate to review here all of the numerous 
experiments in which silage has had an important réle. Only 
those involving considerations of corn silage and hay which afford 
sufficient data to permit of a comparison of the total dry matter 
consumed, the resulting milk yield, and feed costs of the milk, 
will be mentioned. 

Most of the early investigators were concerned directly in 
finding whether silage could be substituted for hay, without much 
attention to the proportion of each which would prove most 
efficient and economical. Due to the usual greater yield of dry 
matter from an acre of corn, few, until recent years, seem to have 
considered that corn silage may on some farms and in some areas 
be more costly than hay. 

Hills (4) in 1889, Bartlett (5) in 1889, and Wheeler (7) in 1895 
all report greater milk yield and more efficient use of dry matter 
when corn silage replaced a part of the hay in the ration. 

Fairchild and Wilbur (8) at Indiana, Carroll (9) at Utah, and 
the Arizona Station (10) report an increase in milk production by 
replacement of a part of the alfalfa hay by silage. Silage is 
estimated to have a value ranging from 28 to 40 per cent of that 
of an equal weight of alfalfa, although in two cases no analyses 
are given. 

The results referred to, together with the data of the present 
trial, are summarized in table 7. Wherever possible the yields 
have been calculated to 4 per cent milk using the formula of 
Gaines and Davidson (6) (0.4 X milk + 15 x fat). 


OBJECT OF EXPERIMENT 


In actual feeding practice upon the dairy farm the relative 
amounts of corn silage and home grown hay available determine 
to a large extent the proportions of each in the ration. Under 
conditions prevailing in Connecticut (limited tillable land on 
many farms) faith in silage often dictates the production of corn 
on tillable areas to the exclusion of hay except on permanent hay 
fields, necessitating the use of much poor hay and the limited feed- 
ing thereof. 
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Studies in recent years by the Farm Management Department 
at the Connecticut Agricultural College have revealed that 
Connecticut farmers expend about 80 hours of man labor in grow- 
ing and ensiling an acre of corn, and that a ton of silage costs the 
Connecticut dairyman fully half as much to produce and harvest 
as a ton of hay. 

These findings together with results in silage investigations by 
the Department of Dairy Husbandry, already referred to, have 
raised the pertinent question as to what proportion of hay and 
silage in the ration is desirable in the interest of greatest profits. 

The experiments referred to uniformly indicate that corn silage 
when added to a ration tends to increase milk flow. Many practi- 
cal feeders, although not all, will testify to this fact. Notwith- 
standing the somewhat overwhelming evidence in this direction 
some important questions yet remain unanswered, namely: (a) 
what is the optimum amount of silage for a dairy cow necessary to 
maintain satisfactory yield; (b) what is the minimum amount of 
silage capable of furnishing succulence to the ration; (c) what is 
the feed cost of milk production using varying proportions of 
silage in the ration and hay ad libitum in each case; (d) may not 
the improved quality of hay and of grain mixtures have lessened 
the favorable influence of silage as determined by earlier feeders 
and investigators? 

It is hoped that the present and subsequent experiments will 
throw light on such questions. This experiment (the eighth in 
silage investigations) was designed to show whether light or 
heavy silage in the ration would be, first, more efficient and sec- 
ond, more economical. 


EXPERIMENTAL PROCEDURE 


Eight purebred cows, 4 Holsteins and 4 Guernseys, were divided 
into two groups evenly balanced with respect to breed, body 
weight, age, milk production, and stage of lactation. The animals 
were also closely balanced with respect to their body type and 
ability to consume roughage, factors of much importance in an 
experiment of this kind. 

Table 1 gives data concerning the experimental cows. 
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The groups, it will be observed, are especially well balanced, 
perhaps excepting date of conception. At this stage of gestation 
it can be assumed that there was little influence upon results due 
to this factor. 

One group was fed 36 pounds of silage and the other 18 pounds 
per cow. The grain was fed in proportion to milk flow and hay 
allowed ad libitum in two feedings. 

Two preliminary periods of 10 days each (January 2-21, in- 
clusive) were provided to allow each animal to be changed over 


TABLE 1 
Data concerning the animals 





INITIAL 




















NAME | BREED | AGE | CALVED CONCEIVED WEIGHT 
Heavy Silage group 
Delight........................| Holstein | 24 9-14] 8-31-28) 11-21-28) 1,270 
i ee otis Holstein | 2-10-20 | 8- 9-28) 11-18-28} 1,185 
PGR Acocks adiane ss eates Guernsey | 4- 1-16 | 10-15-28} 12-25-28) 1,002 
INN ois cick <eacecceseces Guernsey | 5—- 4-13 | 12- 8-28} 1-18-29) 1,050 
Average age and weight..... 3- 9-16 1,1 
Average days from calving. . 89 
Light Silage group 
OE ES err Holstein | 2- 8-15 | 8-12-28) 1-26-29) 1,162 
MR ot chs cs saws sdua waver Holstein | 2-10-19 | 8~ 5-28) 11-20-28) 1,278 
Buoyant.......................| Guernsey | 4- 9-12 | 12-20-28) 2-10-29) 1,054 
IN gi soi ath dlc tem Guernsey | 5- 8-18 | 11— 6-28) 1- 1-29) 1,123 
Average age and weight..... 40-8 1,154 
Average days from calving. . 91 




















from herd routine, to become accustomed to the ration and stabi- 
lized in weight and production. The experiment proper in addi- 
tion consisted of ten 10-day periods from January 22 to May 1 
inclusive. 

Since the roughages and the grain fed to both groups were from 
the same source daily there was no appreciable opportunity for 
variation in quality of roughage or grain to affect the experimental 
results. 
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Silage feeding 


The silage was of the variety early mastodon, classed as moder- 
ately late maturing, and containing a small proportion of de- 
veloped ears. Analysis revealed an average dry matter content 
of 21.90 per cent. The silage was removed from the silo daily 
with that fed the main herd and was weighed into the manger 
from the feed truck morning and evening. All silage refused 
was weighed and recorded. The silage was sampled at the middle 
of each 10-day period and air dried immediately with the aid of 
a fan before submitting for analysis.’ 


Hay feeding 


The hay was fed twice daily, immediately following the con- 
sumption of silage and grain, in such amounts as the individual 
cows preferred. Any portion not eaten by an animal was weighed 
and recorded. 

Since it was planned to make the results of this experiment 
applicable to average Connecticut herds it seemed advisable to 
use average hay. It was decided that mixed hay containing some 
clover should be used. Because of the extremely rainy season 
of 1928 and the difficulty experienced in curing, the hay, which 
was purchased from a Connecticut farm, did not prove to be of 
very good quality. It was cut fairly early and contained not 
over 15 per cent clover, but many bales were musty, making 
careful sorting necessary. A characteristic flake was removed 
from each bale and composited for the 10-day sample. Later a 
composite was removed from each 10-day sample for an experi- 
mental sample. ‘The sample covering the first half of the experi- 
mental period was inadvertently destroyed (by an employee) so 
the analyses given for hay cover only the last half of the period. 
Observation indicated that the sample as analyzed probably 
was somewhat superior to that fed during the first half of the 
period. 


? Acknowledgment is due to the Department of Analytical Chemistry of the 
State Station at New Haven for the analyses of all feeds. 














SILAGE IN DAIRY RATION 297 


Grain feeding 


The grain fed was a stock mixed open formula ration with a 
guarantee of 20 per cent protein prepared by the Eastern States 
Farmers’ Exchange. The analysis, shown in table 3, was made 
from a composite sample from every fifth bag. The ingredient 
formula follows: 


pounds 
EE EE I ee EE a ee 380 
rn... cc hs Seka kechereaarhewesaee eae einen Kee 340 
EER SEE Ter oceee eee ee eT were ane 320 
Pure Ground Oats (No. 2—38 pounds clipped)....................5. 260 
i I RE yt I enh cL a RR es we. eae lh,” 200 
I ERR re ee en ne Png Eo 140 
 .. ssc ccencneacsevancseseeenssssesenss 100 
NN i a cus cine ee eaehe meio 100 
ee a shee aahaels danke ae aaa aah eee karin 100 
EEE SEP I IEE PRE DN IE yO 20 
i ee ee de ct aa bel adeie 6 adteimbae 20 
a de an eee ie ae ee ee 20 


The grain was fed approximately at the ratio of 1 pound to each 
3 pounds of milk produced, with allowance for differences in test, 
but was varied individually, however, in an attempt to hold body 
weight uniform. The grain was fed twice daily on the silage. 


Management of cows 


The cows were kept in stanchions and turned out an hour or 
two daily for exercise when the weather was suitable. Water 
was before them at the stanchions. Since the grain ration con- 
tained 1 per cent salt no additional salt was fed. Wooden manger 
partitions were installed to prevent the animals from thieving. 
Sawdust was used for bedding so there was no opportunity to 
consume straw and vitiate the dry matter intake. Each animal 
was weighed daily between 8 and 9 A.M. The weights as pre- 
sented are an average of the weights the day before, the day of, 
and the day following the date given in table 5. The cows were 
fed silage and grain at 5 A.M. and at 4 P.M. After these were 
eaten hay wasfed. The cows were hand milked while consuming 
silage and grain. 
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Presentation of data 
There was a tendency on the part of 6 of the 8 cows to consume 
more hay during the preliminary period than they could continue 


TABLE 2 
Group feed records 















































HEAVY SILAGE GROUP LIGHT SILAGE GROUP 
| Silage | Hay | Grain | Silage | Hay | Grain 
| pounds pounds pounds pounds pounds | pounds 
First preliminary period....| 1,434.3) 455.6) 380.00) 720 578.1) 377.6 
Second preliminary period..| 1,438.5) 447.5) 361.8 720 | 535.1) 361.8 
| 
First experimental period...| 1,440.0) 440.3) 336.1 720 | 527.1) 342.3 
Second experimental period.| 1,411.4) 436.2) 316.1 720 | 539.4) 323.8 
Third experimental period..| 1,481.5! 374.3) 309.1 720 | 540.8) 311.5 
Fourth experimental period.| 1,440.0) 365.4) 301.1 | 720 | 512.6} 301.8 
Fifth experimental period...| 1,438.4; 361.4) 293.5 | 720 | 512.1] 282.6 
Sixth experimental period...| 1,440.0) 371.6) 296.0 720 | 471.1) 275.5 
Seventh experimental period.| 1,436.5) 370.1) 292.7 720 484.5) 254.1 
Eighth experimental ——g 1,428.0) 350.3) 287.3 720 | 473.5) 267.9 
Ninth experimental period..| 1,468.5) 337.9) 286.0 720 | 475.6) 279.1 
Tenth experimental period..| 1,473.9} 341.5) 276.0 720 483.0) 277.5 
Total (100 days)............ | 14, 408.2} 3,749 .0/2,993.9 7,200 .0/5,019.7|2,916.1 
Average per day, experi- | 
mental period...........| 36.02} 9.37 7.48) 18.00} 12.55} 7.29 
TABLE 3 
Average analyses of feeds in per cent 
| | fe ! 
a.m | an | ASH | PROTEIN| FIBER | wh et FAT 
} H | 
Silage | 21.90 | 78.10} 1.42| 1.73 | 6.60 | 11.50 | 0.56 
ORR | 92.84] 7.16| 5.83 | 8.25 | 36.24 | 40.85 | 1.67 
RE | 91.35 | 8.65 | 6.50 | 21.13 | 7.71 | 51.55 | 4.46 





to eat, evidence of which is found in the records of feed consump- 
tion by 10-day periods in table 2. 

It will be noted also that the grain feeding was unnecessarily 
high at the start, especially for the lower producers, necessitating 
rather sharp reductions during the first few periods. 
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TABLE 4 
Group production records 
HEAVY SILAGE GROUP LIGHT SILAGE GROUP 
Milk Fot |‘ Percent} win | at |é Percent 
pounds pounds pounds pounds | pounds | pounds 
First preliminary period....| 1,223.7 | 50.866)1,252.4 |1,112.8 | 46.881/1,148.4 
Second preliminary period. .| 1,174.4 | 47.130)1,174.8 {1,038.7 | 48.977|/1,150.0 
First experimental period...| 1,122.5 | 43.912)1,107.6 | 985.1 | 46.163/1,086.8 
Second experimental period.| 1,054.4 | 36.397) 967.6 | 938.7 | 42.047)1,006.4 
Third experimental period..| 993.6 | 37.926) 956.4 | 883.2 | 40.803) 965.6 
Fourth experimental period.| 953.5 | 34.431) 898.4 | 837.5 | 40.299) 939.6 
Fifth experimental period...| 925.3 | 35.388) 900.8 | 824.4 | 38.416) 906.0 
Sixth experimental period...| 927.2 | 36.258) 914.8 | 790.0 | 35.639) 850.8 
Seventh experimental period.| 857.6 | 34.642) 862.8 | 706.9 | 31.389) 753.6 
Eighth experimental period. 801.5 | 31.151) 788.0 | 722.7 | 32.829) 781.6 
Ninth experimental period..} 738.3 | 29.266) 734.4) 681.1 | 31.018) 737.6 
Tenth experimental period..| 678.6 | 28.709) 702.0 658.1 | 29.663) 708.0 
Total (100 days)............ 9,052.5 | 348.080/8, 832.8 |8,027.7 |368.266/8, 736.0 
Average per day, experi- 
mental period........... 22.63 22.08} 20.07 | 21.84 
TABLE 5 
Average body weights of groups 
FIRST SECOND FIRST SECOND 
PRELIMINARY PRELIMINARY EXPERIMENTAL | EXPERIMENTAL 
PERIOD PERIOD PERIOD PERIOD 
RS ic sinuneieabh anges 1-3 | 1-8] 1-13 | 1-18 | 1-23 | 1-28| 22| 27 
Heavy Silage group....... 1,135) 1,135] 1,137) 1,139] 1,140) 1,140) 1,133) 1,129 
Light Silage group........ 1,154) 1,148) 1,139) 1,143) 1,134) 1,128 1,127) 1,124 
THIRD FOURTH FIFTH SIXTH 
EXPERIMENTAL | EXPERIMENTAL | EXPERIMENTAL | EXPERIMENTAL 
PERIOD PERIOD PERIOD PERIOD 
i a ad 2-12 | 2-17 | 2-22| 2-27) 34| 3-9| 3-14| 3-19 
Heavy Silage group....... 1,120) 1,114 1,103) 1,105) 1,105) 1,103) 1,110) 1,114 
Light Silage group........ 1,127) 1,130 1,121) 1,121 1,113) 1,108) 1,114) 1,101 
SEVENTH EIGHTH NINTH TENTH 
EXPERIMENTAL | EXPERIMENTAL | EXPERIMENTAL | EXPERIMENTAL 
PERIOD PERIOD PERIOD PERIOD 
TG lie TE Ian Te 3-24 | 3-29| 43| 48| 413 | 418 | 4-23 | 4-28 
Heavy Silage group....... 1,113) 1,118} 1,117) 1,117) 1,109) 1,118) 1,118) 1,119 
Light Silage group........ 1,086, 1,097) 1,092) 1,085 1,087] 1,094 1,093 1,090 
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Table 3 presents the chemical analyses of feeds used during the 
experiment. The silage analyses are an average of the 10 sam- 
ples for the experiment proper; however for purposes of computa- 
tion the several individual analyses were used for their respective 
periods. 

Table 4 gives the group production of milk and fat by periods, 
also the 4 per cent fat corrected milk. Gaines and Davidson (6) 
submit abundant data justifying the practice of correcting milk 
production to 4 per cent fat basis for purposes of comparison. 

Average group weights are given in table 5. 

The Heavy Silage group lost an average of 21 pounds per 
animal while the Light Silage group lost an average of 44 pounds 
from the first 3 days of the first experimental period to the last 
3 days of the last experimental period. 

From the analyses given for hay and grain, and from silage 
analyses for the respective periods, and also from the data on 
food consumption in Table 2 the dry matter consumption for the 
two groups was computed. This is presented in table 6 for the 
several periods. 


DISCUSSION 


Reference to table 2 will show that both groups consumed more 
hay for the first two experimental periods than they were capable 
of consuming indefinitely at the level of silage intake. The break 
in hay consumption of the Light Silage group in the sixth experi- 
mental period was due to the fact that Queen went off feed. She 
was a cow with considerable total capacity for roughage consump- 
tion, similar in this respect to Delight in the other group, and ate 
more over a period of time than proved to be advantageous to 
herself. This parallels and compensates the action of Delight 
who was more than any other responsible for the decline in hay 
consumption of the Heavy Silage group during the third experi- 
mental period. These examples illustrate the need of a long 
experimental period and also illustrate the opportunity for a 
residual effect to be carried over into the experimental period if 
the reversal type of experiment is employed. It will be noticed 
that the Heavy Silage group continued to decline in hay con- 
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sumption to the ninth experimental period, influenced in part 
perceivably by advancing lactation. 

It will be noted from table 5 that the two groups were evenly 
balanced in weight at the beginning of the preliminary period and 
had an approximately equal weight at the beginning of the experi- 
mental period proper. There are three changes in the weights 
which deserve explanation; first, the Light Silage group decreased 
in weight during the preliminary periods probably due to loss of 
fill of the intestinal tract; second, the loss in weight of the Heavy 
Silage group occurred in the third period when Delight over-ate 
followed by a decrease in grain consumption temporarily; and, 
third, decline in the weight of the Light Silage group which oc- 
curred March 19 was due to an udder injury to Korndyke causing 
a decline in milk production and necessitating a temporary cut 
in grain feeding. At this same time Queen, in the same group, 
over-ate, adding to the decline in weight. 

An analysis of the production of 4 per cent milk and the con- 
sumption of grain for the two groups shows that the Heavy Silage 
group produced 2.951 pounds of milk and the Light Silage group 
2.996 pounds of milk per pound of grain fed, or that the Light 
Silage group received slightly less grain per pound of milk pro- 
duced. Since the two groups were carefully balanced in all re- 
spects and were fed almost an identical ratio of grain per pound 
of milk produced it is reasonable to assume that any differences 
in efficiency and economy of production are directly due to the 
relative proportions of the dry matter coming from silage and hay 
respectively. Reference to table 6 shows that the Light Silage 
group failed by 397.9 pounds of dry matter to eat sufficient addi- 
tional hay to compensate for the lower silage allowance. ‘This 
doubtless accounts for the greater loss of weight of this group, 44 
pounds per animal against 21 for the other group. 

With respect to milk production per pound of dry matter con- 
sumed the Light Silage group produced 0.98 of a pound of milk 
and the Heavy Silage group 0.94 of a pound of milk for each 
pound of dry matter in the ration. Expressing this in another 
way the Light Silage group consumed 102 pounds of dry matter 
to 106 pounds by the Heavy Silage group for each 100 pounds of 
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4 per cent milk yielded. This seemingly greater efficiency of the 
Light Silage group has the greater loss of body weight to be 
charged against it, which for want of an accurate correction fac- 


tor must be assumed to balance the two groups. Both differ- 


TABLE 7 
Comparison of work at several stations showing the pounds of milk* produced per 
pound of dry matter fed and the per cent of dry matter provided by the hay 

















and silage 
pa ae PER CENT DRY MATTER 
STATION PERIOD POUND DRY 
MATTER Hay Silage 
f ° 
- ‘ }| Heavy Silage 0.94 37.1 33.7 
Connecticut (Storrs)............ | Light Silage 0.98 52.4 17.8 
No Silage 0.94 73.6 
NE Se ce eeanen Heavy Silage 0.90 50.6 26.0 
\| No Silage 0.86 74.8 
a {| No Silage 0.74 70.1 
eee eee eee eee eee eee ee eee \ Silage 0 : 81 40 ; 2 27 2 
No Silage 0.67 72.7 
SN i ciy caine ne aaeleuwenns Light Silage 0.72 51.0 20.3 
| Heavy Silage 0.77 27.6 41.2 
Sie { Heavy Silage 0.92 27.6 42.8 
bid! ff Sere ee ee eee eee eee ee \| Light Silage 0.91 46.1 24 0 
| 
ine f Light Silage 0.94 49.7 22.8 
pied t\-) 4, Se a ae ee ee ee ) Heavy Silage 1 00 26 0 45 : 9 
| 
{| Heavy Silage | 0.94 | 35.9 | 30.1 
ERE ees Sve Reem 1 No Silage 0.92 75.0 | 














* Computed by the authors to a 4 per cent fat basis. 


ences, however, are well within the range of experimental error, or 
chance. 

Table 7 presents a comparison of results of other experiments 
with these under discussion. 

In evaluating the data in table 7 it should be kept in mind that 
the number of animals in each group is small, but it seems signif- 
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icant that all of the older data indicates more efficient production 
with the larger amounts of silage. Furthermore, silage feeding 
has resulted in a more efficient production in respect to the dry 
matter of the ration than when no silage was fed. But from the 
data in these experiments it is impossible to determine the changes 
in weight of the groups under comparison. 


LBs. Percent. 





Periods. Frelim. Experimen Tal, 


Fig. 1. Decuine or 4 Per Cent MILK 


The upper graph is expressed as the percentage decline taking the first month 
as 100, while the lower graph is expressed in pounds. 

Heavy Silage group 

Light Silage group ---------- . 


The Storrs data, which is in disagreement, may or may not be 
significant. The problem requires further experiment. 

In studying all of the data it is found that there is after ali 
comparatively little difference in efficiency of rations with large 
or small amounts of silage, and that the ultimate feeding practice 
will depend therefore upon whether or not silage in quantity 
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stimulates greater milk flow or appetite, and the relative cost of 
dry matter from silage and hay. 

Turner (11) in studying the rate of decline of milk production 
found that on an average the monthly milk yield is 93.95 per cent 
of that of the preceding month. The Light Silage group averaged 
95.4 per cent of the previous months production while the Heavy 
Silage group averaged 95.0 per cent. In this respect the groups 
seem to have been well balanced and the yield well maintained. 
Turner found that food consumption averaged 97.98 per cent 
of that of the previous month. The Light Silage group averaged 
98.2 per cent while the Heavy Silage group averaged 97.7 per 
cent. Likewise the results were similar in this respect. Figure 1 
illustrates the decline of milk production in pounds and in per 
cent. 

The Farm Management Department at the Connecticut Agri- 
cultural College has estimated from farm accounts the cost of 
production of silage at $9.00 per ton and of hay at $16.00 per 
ton (unpublished data). With grain at cost ($52.35 laid down at 
the barn in the winter of 1928-29 wholesale) and roughage at the 
above prices, the feed cost of producing 100 pounds of 4 per cent 
milk was $1.95 for the Heavy Silage group and $1.70 for the Light 
Silage group. This difference in economy of production resulted 
in a 14 per cent greater income above feed cost for the Light Silage 
group despite the slightly greater milk yield of the Heavy Silage 
group. 

By calculation it is found that the prices of hay and silage would 
have to be established at $25.00 and $5.00 respectively, a relation 
which would scarcely be possible, to make the feed cost approxi- 
mately equal for the two groups. At these assumed prices for 
roughage the feed cost per 100 pounds of milk of the Heavy and 
Light Silage groups would be $1.82 and $1.80 respectively. 

Adjusting the price of grain to correspond to different geo- 
graphical areas will not materially alter the relationship. It 
would seem from this data that the hay is worth about five times 
as much as the silage. Wheeler (Geneva), from his experiments, 
stated that with hay at $10.00 per ton the silage was worth $2.62. 
At this ratio with hay valued at $16.00 per ton the silage would 
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have to be produced at $4.19 per ton to be on a par in cost. 
The silage in this instance (Wheeler’s experiment) contained 26.34 
per cent dry matter. 


SUMMARY 


Two groups of milk cows were placed on experiment for a pre- 
liminary period of 20 days and an experimental period of 100 
days. One group received 36 pounds of corn silage daily while 
the other received but 18 pounds. Both were fed approximately 
1 pound of grain for each 3 pounds of 4 per cent milk producd 
and mixed hay, largely timothy, ad libitum. 

Heavy silage feeding resulted in slightly greater dry matter 
consumption and in slightly greater milk production. The Light 
Silage group produced slightly more milk per unit of dry matter, 
but on the other hand lost more weight. However the amount 
of weight lost in either case is no more than would be expected 
for cows in the first half of their lactation when producing 
efficiently. 

With hay at $16.00, silage at $9.00, and grain at $52.35 per 
ton the feed cost of 100 pounds of milk was $1.95 for the Heavy 
Silage group and $1.70 for the Light Silage group. In this trial 
the income over feed cost was 14 per cent greater for the Light 
Silage group. With silage at $5.00, hay at $25.00 per ton, and 
grain the same ($52.35) the feed cost per 100 pounds of milk for 
the Heavy Silage group becomes $1.82 and that for the Light 
Silage group $1.80. A shift in the price of grain does not materi- 
ally alter the spread in the cost between the total rations. 

It is realized that these results will be received with much sur- 
prise and doubt by many advocates of heavy silage feeding. 
They should serve to stimulate the study of the adaptation of 
silage production to the conditions existing on a given farm and 
area. In so far as certain commercial interests are concerned, 
which in recent months have brought unscientific charges against 
silage in comparison with certain feed treatment processes, it is 
hoped that they will receive no impetus from these results in 
furtherance of their pernicious propaganda. 

This experiment is being repeated this year under the same 
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conditions, essentially, so this paper may be regarded as a progress 
report. 
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THLASPI ARVENSE (FRENCH WEED) IN RELATION 
TO DAIRY PRODUCTS* 


C. H. ECKLES, W. B. COMBS AND PAUL DERBY 


Division of Dairy Husbandry, University of Minnesota, St. Paul, Minnesota 


An especially obnoxious defect in cream and butter on several 
occasions has been brought to the attention of the authors. In- 
vestigation of conditions at one creamery showed several cream 
producers were delivering a product with the particular taste and 
odor in question. Indications pointed to the feed used as a source 
of the trouble. The grain ration contained a large proportion or 
grain screenings. The experiences of Canadian butter manu- 
facturers and references in the literature, especially those of 
Canadian origin, suggested the possibility that the objectionable 
conditon might result from the seeds of the Thlaspi arvense, 
known under a variety of local names, but most commonly in 
Western Canada and in Minnesota as French weed. The pres- 
ence of seeds of this specie in the screening feed used was demon- 
strated by the staff of the Minnesota Seed Control Laboratory. 
As the result of these observations, the experiments reported 
were initiated. 

The literature on the subject is quite extensive, and numerous 
observations are reported, especially in Canadian publications, 
which indicate rather clearly the objectionable features of this 
plant. The plant is known by a variety of names including 
Penny cress in Europe; Mithradate mustard in Gray’s Manual 
of Botany; Wild garlic; and Fanweed. In Manitoba and the 
Dakotas, it is generally called French weed or Stinkweed. It is 
a member of the mustard family. 

The plant in appearance resembles the common Shepard’s 
purse (Bursa pastoris), from which it is distinguished by the pods, 
which as a rule are about three-fourths of an inch across, flat, 
and circular, having a well defined wing around the margin and a 

* Received for publication January 25, 1930. Published with the approval of 
the Director as Paper No. 919, Journal Series, Minnesota Experiment Station. 
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notch at the apex. The plant is both an annual and a winter 
annual. Seed formation begins by May and continues on plants 
of different ages until freezing weather in the fall. When mois- 
tened, the seeds have a nauseous garlic-like taste and a pungent 
odor. The green plant shows these same characteristics but to a 
less degree. 

Authorities agree that the weed is an immigrant from Europe, 
where it is said to be especially common in France. The presence 
of Thlaspi arvense seeds in rape seed cake from India, mentioned 
by Werenskiold (1), suggests that this pest may also be found in 
India. Apparently, it made its way to the North American con- 
tinent some years ago. Darlington (2) states that it was known 
in Michigan from 1860 to 1881. 

In 1892, Waldron (3) listed it as a troublesome weed that had 
recently appeared in North Dakota. The same year, McKay 
(4) reported French weed as one of the especially troublesome 
weeds that had recently attracted attention in various parts of 
Canada. He also reported special trouble from it in Manitoba. 
Reports on the same subject were published by Clark and Flet- 
cher (5). Howitt (6) in 1908 mentions it as one of the worst pests 
of the grain fields and states that one means of dissemination is 
through the agency of ground screenings and as an impurity in 
farm seeds. 

These and other writers including Shaw (7) emphasize particu- 
larly the injury to the small grain crops caused by this pest but in 
some cases also mentioned the plant as giving a bad taste to milk 
and to the beef of animals which feed upon it. Other authors 
mention that it is necessary in certain localities to keep cattle off 
pastures containing this plant for from two to three weeks pre- 
vious to slaughter in order that the carcass may be free from the 
objectionable taste. 

French weed taint is quite common in cream received at butter 
factories in Manitoba and Sasketchewan, according to informa- 
tion received by correspondence from the Dairy Commissioners 
and members of the staff of the Agricultural Colleges in these 
Provinces. In these regions, the trouble appears most commonly 
early in the spring and sometimes late in the fall, presumably 
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from cows’ eating the weed in question when the pasture grass 
is not abundant. It also appears that sometimes trouble is 
caused from animals eating the chaff and waste where grain has 
been threshed. Cases of French weed tainted cream occasion- 
ally appears during the winter in these Provinces, probably from 
the cows’ eating hay containing the dried plant. 

The French weed has been known in the Northwestern part of 
Minnesota for probably thirty-five years, but only in recent years 
has it become a serious pest. In 1928, the State department of 
Agriculture issued posters and other information calling attention 
to the obnoxious character of the weed. It is found at present 
generally distributed in the Red River Valley and to a consider- 
able extent to the east and south in Minnesota. 

The fact that this weed grows chiefly with small grain results 
in the presence of the seeds in screenings. Immense quantities 
of screenings are available in Minnesota on account of the exten- 
sive milling industry. A considerable part of the screenings se- 
cured from grain grown in the prairie section of Canada also find 
their way into the hands of the commercial organizations inter- 
ested in the preparation of mixed feed in the United States. 
According to the Dominion Department of Agriculture, screen- 
ings to the amount of about 100,000 tons taken from Canadian 
export grain were shipped from the Lake ports into the United 
States in 1927. 

As a result of the facts brought to light concerning the danger to 
dairy products from French weed seed, some commercial feed 
mixers have recently installed elaborate machinery to remove the 
French weed and common mustard seed from the screenings. 
This reduces the danger from the use of commercial feeds con- 
taining screenings. Undoubtedly in earlier years especially, the 
lack of care in grinding screenings was a factor in the spread of 
French weed as well as of other obnoxious species. 


EXPERIMENTAL 


The reports in the literature regarding the injurious effects 
of French weed upon dairy products are based upon general 
observations rather than controlled experiments. In order to 
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obtain accurate information, a series of experiments were con- 
ducted for the purpose of studying: (a) the effect of various 
amounts of French weed seed upon the quality of milk and butter; 
(b) the relation of the length of interval from the time consumed 
to the appearance of the objectionable taste and odor; (c) the 
effect of feeding the green French weed plant; (d) the efficiency of 
common practices for removing the objectionable flavor and odor; 
(e) the possibility of detecting by easily applied methods the 
presence of French weed seed in mixed feeds. 

The French weed seed used was obtained from a commercial 
feed and seed company which has in use machinery designed to 
remove the seed of this weed from grain screenings. The ma- 
terial as obtained was found by the seed analyst of the State De- 
partment of Agriculture to contain 22 per cent of French weed 
seed. By the use of various screens and a fanning mill, it was 
possible to concentrate the French weed portion until it was 
reported to represent 50 per cent of the total. A closer concen- 
tration seemed impractical without hand picking. The remainder 
was composed of the seeds of pigweed, foxtail, lambs quarter, 
barnyard grass, and Canada thistle. These seeds did not have 
a pronounced taste and were therefore ignored. In giving the 
weights of French weed used in the experiments, it should be 
understood that an allowance is made for the foreign seeds present. 
The seed mixture containing the French weed was thoroughly 
ground to remove the danger of seed distribution through the ali- 
mentary canal of the animals and to imitate the conditions in 
which the seed usually is found in commercial feeds. 

The ground seed was fed mixed with the regular grain mixture 
used for the University herd. It will not be necessary to report 
the numerous experiments in detail. It was found that the ani- 
mals ate the feed mixture containing the ground seed freely the 
first time, but when fed a second lot, the same animal often ate 
the mixture with evident lack of relish. In some cases, the feed 
was refused entirely. This result was experienced when no more 
than 150 grams of the French weed seed was added to 8 pounds of 
mixed feed. In a later series, the French weed seed was mixed 
with feeding molasses and then with the grain. By this proce- 
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dure, the animal would readily consume the prescribed amount. 
It was noted that a strong odor of garlic appeared almost as 
soon as the feed was moistened in the cow’s mouth. By the time 
the eating of the grain was completed, the typical odor of French 
weed could be detected as much as ten feet from the feed box. 
Shortly after the feed was consumed, the breath of the cow began 
to show a pronounced French weed odor. The pungent odor was 
sufficiently strong from the breath to be distinctly irritating to a 
person’s eyes when near. 

The milk was drawn either by hand or with a machine. It was 
examined carefully when fresh and again after standing in a closed 
container for at least 12 hours. The milk was then separated. 
After examination, the cream was churned and the butter exam- 
ined from time to time for a period of about a month. It was 
found that for a cow producing milk at the rate of 30 pounds daily, 
90 grams of French weed fed two hours before milking did not 
produce any noticeable effect. The intake was then increased to 
200 grams, which was found to give a decided effect upon the 
milk, cream, and butter. 

Experiments were next made to determine the effect of the in- 
terval between the ingestion of the French weed and occurrence in 
the milk. Intervals from 2 to 12 hours were used between feed- 
ing and milking. It was found that the maximum effect appeared 
about 3 hours after feeding; by 5 hours, the obnoxious condition 
had largely disappeared; by 12 hours, no effect whatever was 
noticeable. After determining that the 3-hour interval appar- 
ently gave the most pronounced results, later experiments were 
all made on this basis. Varying amounts were fed to the same 
and to different cows including some producing milk liberally 
and some with a small production. Some indications were ob- 
tained that a more pronounced result was obtained with cows pro- 
ducing a small amount of milk. With cows producing at the rate 
of 25 pounds daily, 150 grams of the seed fed 3 hours before milk- 
ing gave a pronounced effect. 

Our experiments indicate that the minimum amount that will 
ordinarily result in a taste and odor that will be observed is be- 
tween 90 and 150 grams of the seed when fed at an interval 
favorable for the appearance of the objectionable condition. 
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Effects of feeding green French weed plant 


Complaints received by the authors concerning butter defects 
apparently due to French weed have been confined to the winter 
season when dry feed is used. The source of the trouble must be 
the ingestion of the seed with the grain or the dried plant with 
the hay. Some evidence has been obtained that either may 
occur. Statements in the literature indicate that trouble has 
been most frequently experienced during the grazing period. 

To test the relation of the green plant to the appearance of the 
obnoxious flavor and odor in butter, a plot was sown to the French 
weed and experiments made by feeding the green plants in vary- 
ing quantities. Difficulty was experienced in getting the cows 
to consume the green plants even when the cows were receiving 
no other green forage and had, for this reason, a keen appetite 
for ordinary green feed. No results were obtained from 300 
grams of the green plant fed 3 hours before milking. When 610 
grams were consumed, the same interval before milking, the typical 
French weed taste was readily detected in the milk, and, as usual, 
more pronounced in the cream and the most pronounced in the 
butter. The same results were found with larger amounts. 
There seems to be no question but that the objectionable taste 
will appear if the cow consumes a sufficient amount of the green 
plant; however, the extreme dislike for the green plant shown by 
every one of the 8 cows used suggests that the only danger from 
the green plant is when a shortage of other green forage in the 
pasture compels the cow to devour the objectionable French 
weed. It is possible that certain animals may develop a taste 
for the plant and in time come to eat enough to affect the milk 
regardless of the presence of other feed. 


The detection of French weed seed in mixed feed 


To samples of the mixed feed in use at the University dairy 
barn, ground French weed seed was added in amounts ranging 
from 0.5 to 3.0 per cent. Water at a temperature of approxi- 
mately 50°C. was added sufficient to moisten the entire mass. 
In every case, the typical French weed odor was readily notice- 
able within a few minutes. The strength of the odor varied 
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with the amount of the ground seed added, but even with the 
0.5 per cent sample, the odor could be readily noted and the irri- 
tating effects felt by the eyes. The odor from feeds containing 
3 per cent of French weed was so pronounced that it was detected 
in the air of a large room by persons entering. The odor be- 
comes most noticeable when the warm moist feed is enclosed for 
a short period in a partially filled container. 

Commercial feeds composed partly of screenings often contain 
feeding molasses, largely to add to the palatability by covering 
up the bitter taste common to screenings. The odor of the mo- 
lasses also obscures that of the French weed in making the test 
described. To remove this difficulty, the plan was adopted of 
washing the molasses from the feed and then noting if the typical 
odor of French weed could be observed. The procedure followed 
was to place about a pound of the feed to be tested in a cloth or 
towel of rather close texture. A gallon or more of warm water 
was poured, a portion at a time, on the feed and within a few 
minutes the free water was pressed out with the hands. The 
treatment was continued until the molasses appeared to be mostly 
removed. The washed feed was then put in a closed container 
and kept warm until examined within half an hour. By this 
means, the presence of French weed seed can be readily detected 
when even less than 0.5 per cent is present. 

The simple plan of testing suggested will indicate the presence 
of French weed in quantities far below that apparently neces- 
sary to produce any serious taint in the milk. Our experiments 
indicate that a minimum of possibly 125 grams per day is neces- 
sary to produce noticeable flavor in the milk. If the screenings 
fed contained 2 per cent of French weed seed, 13 pounds would 
be required to carry 125 grams, which is suggested as the mini- 
mum likely to produce serious results in the quality of the milk. 


Elimination of French weed taste 


The prevention of food flavors in dairy products and the elimi- 
nation of those that do gain access has attracted the attention of 
investigators. The work of Babcock (8) is of especial significance 
in this field. Apparently those flavors which are the result of 
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the presence of volatile oils are the most difficult to remove, pre- 
sumably because they unite with the fat itself. A number of 
the common methods of reducing or eliminating feed flavors were 
tried with cream from the milk of cows, each receiving 225 grams 
daily of French weed in her grain ration. In each case, the 
treatment was applied to the cream before churning. The re- 
sults reported are from an examination of the butter. 

It was found that ordinary pasteurization of the cream some- 
what reduced but did not eliminate the objectionable flavor. 
Affected cream was diluted with water and reseparated. The 
resulting butter was considerable better than the check, but the 
obnoxious flavor persisted. Neutralization of the cream after 
souring according to the procedure followed as a regular routine 
in many butter factories was without material effect. Heating 
the cream under vacuum, as practiced in a commercial way in 
some localities to remove objectionable odors and tastes, gave the 
best results but did not completely remove the French weed 
taste. The plan of using mineral oil, as recommended by Mc- 
Donald and Crawford (9) was tried with the result that the French 
weed flavor was reduced but not eliminated. 

A test was made to determine how small a percentage of French 
weed tainted cream might seriously affect butter quality. Tainted 
cream was obtained by feeding 227 grams of French weed daily 
to each of a group of cows. Cream from this milk was added to 
3 lots of untainted cream at the rate of 6.5, 15, and 25 per cent. 
The 6.5 per cent of tained cream did not affect the butter so far 
as could be determined on examination by a Federal buttergrader, 
and it was scored 92. The lot containing 15 per cent of the 
tainted cream showed evidences of French weed flavor and was 
scored 91. The sample containing 25 per cent of the French 
weed cream showed more pronounced evidence of the objection- 
able taste and was scored 90. 


Characteristics of the French weed taint 


One of the interesting facts about French weed is the almost 
complete lack of any odor to the whole dry seed and the immediate 
development of an exceedingly disagreeable nauseating odor when 
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the ground seed is moistened. The unground seed develops the 
same odor when wet but not so quickly. Seeds of other plants 
of the Cruciferae show the same characteristic regarding the de- 
velopment of their typical volatile products in the presence of 
water. 

One of the early investigators of this subject was Werenskiold 
(1). He states, as do later authorities, especially Gildermeister 
and Hoffman (10) that the seed of Thalspi arvense, as well as 
of other members of the mustard family, contain a glucoside 
known as sinigrin (myronate of potassium) and an enzyme known 
as myrosin. In the presence of water, the myrosin hydrolizes 
the glucoside known as sinigrin into mustard oil and other com- 
pounds. It appears that in the case of Thalaspi arvense, mustard 
oil and another compound, probably oil of garlic, are produced by 
the action of this enzyme. The mustard oil may be responsible 
for the irritating effect of the odor from French weed, but the 
oil of garlic gives the typical flavor. 

An experiment by the authors indicated the correctness of this 
view. French weed seed and mustard seed were macerated and 
soaked over night. They were then distilled until 200 cc. of dis- 
tillate was available for each. A series of cream samples were 
prepared and treated as indicated: (a) check; (6) 5 per cent of 
French weed distillate; (b), 5 per cent of mustard seed distillate; 
(d) 2 drops of mustard oil; (e) five drops of ether extract from 
ordinary garlic (Allium sativum). An examination of the butter 
churned from the five lots showed the odor as obtained from the 
French weed extract was not the same as that from mustard oil. 
Both showed the same irritating odor, but with the French weed 
this was combined with the same odor as that obtained from the 
common garlic. 


DISCUSSION 


The experiments reported show that either French weed seed 
or the growting plant may be responsible for an obnoxious taste 
and odor in the milk of a cow consuming these products. It 
might be expected that the trouble would be widespread in view 
of the extensive infestation of this weed in some districts in 
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Minnesota, the Dakotas, and the Prairie Provinces of Canada. 
The extreme distaste of livestock for the seed and forage is 
undoubtedly one explanation for the fact that more trouble does 
not occur. Apparently it is consumed only when the animal can 
not avoid doing so on account of the seed being in the grain mix- 
ture fed, or when the animal has a craving for green feed, and 
forage other than French weed is not available. This occurs 
usually in early spring and late fall. The common presence of 
this weed seed in grain screenings calls for care in feeding such 
products. The tests described offer a simple means of determin- 
ing whether the objectionable seeds are present. Furthermore, 
the effect is observed only when what would appear to be a con- 
siderable amount, namely about 125 grams of the seed, is con- 
sumed. The effect of a smaller amount may be noted on the 
breath of the cow. 

The experiments show that the French weed taint disappears 
completely within 12 hours after feeding. This indicates that 
the same practice as found effective in preventing the appearance 
of other food flavors will be effective, namely, feeding the sus- 
pected feed immediately after milking, with a reasonable certainty 
that the effects will be gone by the time for the next milking. 


SUMMARY 


Thlaspi arvense, known as penny-cress, French weed, or stink- 
weed, is a troublesome weed of the mustard family. It is the 
cause of a very objectionable taint in milk, cream, and butter. 

This weed is a serious pest in the grain growing areas of Mani- 
toba, Sasketchewan, Minnesota, the Dakotas, and Montana, 
and reports indicate that it is spreading. 

The characteristic odor develops when the seed is in contact 
with water as the result of the action of an enzyme known as 
mycrosin, which hydrolyzes particular glucosides found in the 
plant. Apparently both oil of mustard and oil of garlic are 
formed. 

It was shown experimentally that the ingestion by a lactating 
cow of French weed seed to an amount between 90 and 150 grams 
or of the green forage to the amount of 500 grams or more re- 
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sults in the characteristic taint in the milk. The odor is more 
marked in the cream than in the milk and is most pronounced in 
the butter. This may be taken to indicate that the volatile 
products unite chiefly with fat. The most pronounced results 
were obtained when the interval between feeding the seed and 
milking was 3 hours. The effect was reduced after an interval 
of 5 hours and completely gone by 12 hours. Feed containing 
French weed seed can be fed immediately after one milking with- 
out danger to the quality of the product from the next milking. 

The common methods used to eliminate feed tastes from milk 
are only partially successful in removing the tainting of French 
weed. The taint could be detected in the butter from mixed 
cream when 15 per cent of the cream was tainted. French weed 
may be readily detected in mixed feeds in proportions as low as 
0.5 per cent. 
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GRADES AND METHODS OF ANALYSIS OF DRY SKIM 
MILK* 


E. C. THOMPSON, W. 8. SUEMMONS anp R. S. FLEMING 


The increased use of dry skim milk in the food industries has 
created a need for its proper classification by grades, so that the 
grade name may be taken as an index of quality. Formerly the 
quality of this product has been appraised by direct observation 
of its physical properties, by the results of selected laboratory 
determinations, or by a combination of both. Grading practices 
of the past have not been uniform due to the following: variation 
in the criteria accepted as a basis for grading; lack of adequate 
terminology to be applied to characteristics of quality; variations 
in laboratory practice; and undefined expression of the limits of 
probable errors in analysis. 

The work of the Standards Committee of the American Dry 
Milk Institute consisted of collaborative work on laboratory 
technic, selection of the most suitable methods of analysis, the 
examination of a large number of samples and the correlation 
of the results of inspection and laboratory determinations with 
the more universally accepted trade demands of quality. 

Three grades of quality have been established and these in 
turn are applied to each of three divisions named according to 
the method of their manufacture—spray, vacuum drum, and 
roller. A single standard for evaluating the quality of all dry 
skim milk would be simpler but owing to a variation in the rela- 
tion of solubility to the several industrial applications of this 
product, the above division is deemed necessary at this time. 
Each of these divisions is subdivided into extra, standard, and 
third grade. It is not intended that classification under the 


* Received for publication January 23, 1930. 

t The authors constitute the Standards Committee of the American Dry 
Milk Institute. Their addresses are The Borden Company, 350 Madison Avenue, 
New York City; Carnation Company, Oconomowoc, Wisconsin; Merrell-Soule 
Company, Syracuse, New York. 
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terms of spray, vacuum drum, and roller should be in any way 
prejudicial to a particular process. 


NORMAL VARIATION IN COMPOSITION OF DRY SKIM MILK 


per cent 
i ous EOC ean ere ne aute ab Gidteneaenrteleno es 0.7 -2 
EES EE ES ee ee ee See a anna 2 -5 
Acidity (lactic, reconstituted basis) ..................... 0.09% 0.20 
ID, os x Cis ca cy'sendechucudscbssneens 30-38 
ed in cea nene rattle eal 47-53 
i ol  sawausmpibabeaiiene 7 -8 


The variations in total protein, lactose and total ash indicated 
above appear to result from seasonal changes in the raw milk and 
are not generally considered as important factors affecting 
quality. Inasmuch as heavy metals, chemical compounds or 
substances deleterious to health do not usually contaminate the 
product during the process of manufacture, no consideration was 
given to their detection. 


Requirements for Extra Grade 


1. General requirements. All dry skim milk for human con- 
sumption shall conform in all respects to the Federal Food and 
Drugs Act of June 30, 1906, and all subsequent rulings and deci- 
sions relative to the same as issued, from time to time, by the 
United States Department of Agriculture. 

The factory and factory equipment used in the manufacture of 
this product shall be maintained in a clean, sanitary condition. 
No person affected with any recognized infectious, contagious or 
communicable disease, or who resides, boards, or lodges in a 
household in which there is a person affected with such disease, 
shall be employed or permitted to work in or about any part of 
the factory in which dry skim milk is manufactured. 

Dry skim milk shall be made from freshly skimmed milk to 
which no alkali or other chemical has been added and which has 
been pasteurized in the liquid state either before or during the 
process of drying, at a temperature of 145°F. for 30 minutes or 
its equivalent in bacterial destruction. 
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The powder shall be reasonably uniform in composition and 
the color shall be white or light cream and free from a brown or 
yellow color, typical of overheated stock, and free from any 
other unnatural color. 

Upon reconstitution it shall have a good flavor and be sub- 
stantially free from sediment and specks. 

2. Detailed requirements.— 





EXTRA GRADE 
SPRAY DRIED— 
MAXIMUM 


EXTRA GRADE 
VACUUM DRUM 
DRIED—MAXIMUM 


EXTRA GRADE 
ROLLER DRIED— 
MAXIMUM 





Moisture . 


Titratable ecidity (reconstituted 
..eeeeeees| 0.16 per cent 


basis) . 
Solubility index. 


Bacterial count (recenatiteted 
Na a dao 65's pace kos cunted 


Sediment. 





1.5 per cent 
4.0 per cent 
1 ce. 


30,000 per cc. 
No. 3 





1.5 per cent 
4.0 per cent 


0.16 per cent 
2 ce. 


30,000 per cc. 
No. 3 





1.5 per cent 
4.0 per cent 


0.16 per cent 
12 ce. 


30,000 per cc. 
No. 3 





Flavor: In powdered form and on re-solution the products 
shall be sweet and clean and free from rancid, tallowy, fishy, 
cheesy, soapy or other decidedly objectionable flavors or odors. 

Physical: It shall be free from all hard lumps and show no 
more black or foreign specks than in sediment no. 3. 

Packing: The package shall be of such a character as to pre- 
vent contamination by dust, dirt or other foreign matter and to 
reduce to a minimum the possibility of absorption of foreign 
odors and moisture. 


Requirements for Standard Grade 


Any dry skim milk failing in one or more particulars to meet 
the requirements for Extra Grade shall be classed as Standard 
Grade, provided it meets all of the requirements for Standard 
Grade outlined below. 

1. General requirements. Same as for Extra Grade. 
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2. Detailed requirements as follows: 
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STANDARD GRADE STANDARD GRADE STANDARD GRADE 
SPRAY DRIED— VACUUM DRUM ROLLER DRIED— 
MAXIMUM DRIED—MAXIMUM MAXIMUM 
Sich incatibesebaditvare sickens eterno 2.0 per cent | 2.0 per cent | 2.0 per cent 
Moisture . 5.0 per cent | 5.0 per cent | 5.0 per cent 
Titratable acidity (reconstituted 
basis) . escccceeeeeeees] O.2 per cent | 0.2 percent | 0.2 per cent 
Solubility inden Seiaiacaieaiaiateitione 1.5 ce. 5 ce. 15 ce. 
Bacterial count (reconstituted 
basis).....................-| 100,000 per ce.) 100,000 per cc.| 100,000 per cc. 
is ie cian aiken No. 4 No. 4 No. 4 




















Flavor: In powdered form and on re-solution it shall comply 
with the requirements for Extra Grade with the exception that 
a storage flavor is permissible. 

Physical condition: It shall be reasonably free from hard lumps 
and any large number of black specks or foreign matter. 


Requirements for Third Grade 


Any dry skim milk failing to meet the several requirements for 
Standard Grade especially with reference to moisture, acidity, 
sediment, or bacterial count, or those in which the odor or flavor 
indicate partial decomposition shall be classed as Third Grade 
and considered unfit for human consumption. 


Revision of Grades 


The above limits for grades are exceptionally broad and it is 
anticipated that changes will be made from time to time when 
available data indicate such changes will improve the quality of 
the product. 


DISCUSSION OF DETERMINATIONS RECOMMENDED AS A BASIS FOR 
THE APPRAISAL OF QUALITY 


Butterfat. Dry skim milk is manufactured to contain a mini- 
mum of butterfat. Excessive amounts have been observed to 
cause the development of an undesirable tallowy flavor and odor 
during storage. The point of maximum tolerance indicated in 











ANALYSIS OF DRY SKIM MILK 323 


the grading schedule was obtained by noting the effect of varying 
butterfat content on the resultant flavor. 

Moisture. It has long been observed that skim milk powder 
which is high in moisture at the time of manufacture gradually 
becomes more insoluble upon storage. Such powders develop 
stale, tallowy, rancid and other off flavors. They develop lumpi- 
ness and more readily decompose during storage and frequently 
become questionably fit for human consumption. As dry skim 
milk is very hygroscopic, it is important to store it in a dry at- 
mosphere to maintain low moisture content. 

Various methods for determining moisture have been used and 
a comparison of results seem to indicate that more concordant 
results can be obtained by using the Toluol distillation method 
indicated herein. 

Acidity. The determination of total acidity has been used 
freely in judging the quality of milk and milk products. It has 
been assumed to be a reliable criterion of the degree of bacterial 
development and although the titration values are not an actual 
measure of free acidity, the increment above the recognized 
normal value for the milk or milk products usually represents free 
lactic acid. Although high acidity of dry skim milk is usually 
accompanied by other unfavorable characteristics, it is thought 
desirable to suggest a uniform procedure for the estimation of 
titratable acidity and to include a maximum in the grading scheme. 
When the acidity of the raw skim milk is close to the souring 
point the resulting dried product is insoluble and tends to undergo 
other degenerative changes during storage. The acidity of 
the powder is expressed in terms of reconstituted skim milk 
because of the ready analogy to figures obtained on the raw 
product. As the degree of dilution and the amount of indicator 
readily affect the determination, strict adherence to the method is 
seemingly essential if comparable results are desired. 

Solubility index. This procedure involves, in a measure, speed 
of solution as well as solubility. Solubility is a characteristic 
which has been beset with uncertain interpretation and by some 
it is thought that a skim milk powder of high solubility more 
nearly approaches on re-solution the physical characteristics of 
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the original skim milk. On the other hand there are others who 
believe that an insoluble powder will, when given sufficient time, 
finally reach as close to the physical condition of raw skim milk 
as does the more soluble powder in the shorter period. Some of 
the consumers of dry skim milk require powders that are readily 
soluble in water while others do not recognize this as being an 
important factor in the satisfactory use of the product. Solu- 
bility is a recognized characteristic of dry skim milk powders and 
can only be considered as an indication of quality in terms of each 
type of powder. 

The most accurate and technically correct method for establish- 
ing solubility is that proposed by Lampitt and Hughes. This 
method, however, lacks simplicity although it affords an ultimate 
standard which will serve as a basis for more accurate investiga- 
tions. It is believed that a quicker method and one possessing 
reasonable accuracy would be more useful. 

Bacterial count. It is not definitely known if moderate varia- 
tions in bacterial count affect the quality of dry skim mlk. In 
the interest of sanitary practice and public health, it is believed 
that the consideration of bacterial count should be included for 
grading purposes. It is admitted that excessively high counts 
indicate that the original raw product was of poor quality, or a 
delay in the manufacturing process favored undue growth, or 
that contamination took place during manufacture or packaging. 
All of these are undesirable conditions and it is believed that a 
product of relatively low count will be more resistant to decom- 
position and aging effect than will the product having a relatively 
high count. It is probable that such decomposition starts be- 
fore the milk is dried and action is continued in the dry state as 
a result of enzymatic or catalytic action. 

Sediment. The undesirability of visible discoloration of the 
product by burnt particles or dust is self-apparent. Some of the 
more critical uses of dry skim milk reveal the presence of sedi- 
ments which cannot be detected in the dried product by mere 
physical inspection. Foreign particles may enter the process 
with the raw milk or be picked up during the manufacture while 
burnt particles usually result from too high temperatures being 
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used during the drying process or by the local adherence of milk 
deposits to certain areas in the drying equipment. The sediment 
testing procedure proposed is similar to that rather widely used 
for whole milk. In testing dry skim milk of low solubility, sedi- 
ment particles are apt to be obscured by the insoluble protein. 
In view of this, an alternative procedure for such milks has been 
suggested employing the principle of quiet sedimentation. 

Color. Variations in the color of dry skim milk powder are 
not wide. If the milk is scorched or otherwise discolored, the 
condition is noticeable in the powder and may appear in the 
reconstituted milk. 

Flavor and odor. The appraisal of flavor and odor as might 
be expected is subject to elements of variation and inaccuracy. 
Competence comes to the individual with experience and the 
cultivation of practiced discrimination. It is felt that by pro- 
viding descriptive terms for the several objectionable flavors found 
in imperfect dry skim milk the appraisal of flavor and odor may 
be carried out in a more exact manner and imperfections related 
to their probable cause. 


METHODS OF ANALYSIS 
1. Method of sampling 


On account of the readiness with which dry skim milk absorbs 
moisture, it is very important that all utensils and containers 
used for sampling be clean and dry and that the work be done as 
speedily as possible. Samples should always be taken at points 
beneath the exposed surfaces. For complete laboratory analysis 
1 pound samples are required. 

When it is necessary to prepare a composite sample, in order 
that the final sample will be representative of a given quantity 
of powder, several fairly good sized portions should be taken at 
different points and immediately transferred to a dry container 
in which they can be thoroughly mixed. 

In barrel sampling, it is suggested that a long tube made of 
brass or nickel (iron should not be used) one and one half inches 
in diameter and sharpened at one end be thrust the full length of 
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the barrel at a point on the surface one third the distance between 
the centre and the edge. 

The container should be large enough to hold all of the material 
sampled and readily permit of mixing the sample as described 
under “Preparing the Sample for Analysis.’’ After mixing, 
immediately transfer the final sample to the shipping container 
and fasten the cover tightly. Only single or double friction 
top cans are recommended for shipping samples. Variations 
which may occur in a given quantity of powder can be more 
readily detected by examining separate individual samples rather 
than a composite sample and, in some cases, this practice is 
preferable. 


Important— 


Do not sample unless hands and clothing are clean and dry. 

Do not sample in a humid atmosphere or in a room into which 
steam is being discharged. 

Do not sample in a damp cold storage room or with utensils or 
containers which have just been brought from a colder room into 
a warm room. 

Do not sample when your attention is being distracted by other 
duties. 


2. Preparing the sample for analysis 


If the sample of powder completely fills the container in which 
it is shipped, transfer all of it to another clean, dry container of 
about twice the size. With a suitable sized spoon turn over the 
contents by lifting it from the bottom of the can, at the same time 
slowly rotating the can at an angle of 45°. Mix the powder in 
this manner, by turning over a spoonful every second during a 
period of one minute. It is important, during mixing, to take 
the powder out of the lowest edge of the can. Precautions should 
be taken to reduce, to a minimum, the absorption of moisture 
during mixing; and as soon as the mixing is completed the sample 
should be returned at once to its original container and covered 
tightly. The above procedure can also be used for preparing 
composite samples by the use of a larger spoon and a larger 
container. 
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3. Moisture—Toluol distillation method 


Apparatus required. 1 moisture tester complete, Bidwell and 
Sterling type (see Eimer & Amend Catalogue No. 28600) which 





Fig. 1. EQuirpMENT For Moisture DETERMINATION 


consists of a 250 cc. Erlenmeyer flask, 2—1 hole cork stoppers, 
distillation tube and condenser. 

One electric hot plate or preferably electric heater (see Eimer 
& Amend Catalogue No. 24920). 
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Rubber tubing—suitable quantity for connecting water to the 
condenser (see Eimer & Amend Catalogue No. 30682—} inside 
diameter). Ring stands and clamps for holding the apparatus. 

Procedure. Introduce into the 250 ec. clean, dry Erlenmeyer 
flask 50 grams of spray process milk powder or 25 grams of roller 
process milk powder; immediately add sufficient toluol to cover 
the sample completely. Usually about 75 to 100 ce. is sufficient. 
Connect the flask with a condenser by means of the distillation 
tube. (For further information, see Ind. Eng. Chem., published 
February 25, 1925, page 147.) 

Fill the receiving tube with toluol by carefully pouring through 
the top of the condenser. Bring to a boil rapidly by heating on 
the electric hot plate and then reduce the heat so that the Toluol 
will condense at the rate of about four drops per second. Thirty 
minutes after distillation has begun, dislodge any water particles 
in the condenser tube by means of a brush and wash down with 
10 ec. of toluol. Twenty minutes later repeat and continue the 
distillation for an additional ten minutes. The flask should be 
shaken frequently after it is first put on the heater to prevent the 
powder from being burned and until the boiling is established and 
heat reduced to permit required rate of distillation. 

Allow the receiving tube to come to room temperature. If any 
drops of water adhere to the side of this tube they can be forced 
down by means of a copper wire. Read the volume of water, 
estimating to hundredths of a cubic centimeter and calculate the 
percentage. 

The condenser and receiving tube must be chemically clean in 
order to prevent any undue quantity of water adhering to the 
condenser and receiving tube. Wash with a solution of washing 
soda or soap powder and rinse with clear water. If necessary, fill 
with cleaning solution (sulphuric acid and potassium dichromate) 
and allow to stand over night. Rinse successively with water, 
alcohol, and ether and allow to dry in the oven. The tubes must 
receive this treatment after each determination, but the condenser 
usually once a week. If necessary, blank determinations should 
be made. It is important to use only moisture free Toluol and to 
make sure that the receiving tubes are accurately calibrated. 
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Note: The above method is to be regarded as the recommended 
one, but other methods which give comparable results may be 
employed. It has been determined that a vacuum oven operated 
at 100°C. in such a way that a current of air, dried by bubbling 
through sulphuric acid and admitted diagonally opposite the 
evacuation outlet at such a rate that the air is renewed every 
thirty seconds when the vacuum of the oven is maintained at a 
pressure of approximately 70 mm. of mercury, will give good 
checks with five hours of drying. Aluminum dishes 2 to 24 inches 
in diameter, shallow form, with tightly fitting covers and one 
or two gram samples should be used. Equally good results 
have also been obtained with the vacuum oven at 100°C. 
operated under a pressure of 1 mm. of mercury for a period of 
four hours. 


4. Butterfat 


Apparatus required. Same as for Modified Roese Gottlieb or 
Mojonnier method. 

Procedure. Weigh out 1 gram of the well mixed milk powder 
directly into a dry Mojonnier extraction flask, or in a suitable 
container whereby it can be easily transferred to a dry Mojonnier 
extraction flask or a dry Rohrig tube. If the latter is used, it 
should be of the Biesterfeldt type and should have a capacity of 
20 cc. from the bottom up to the spigot. Add 8.5 ce. of warm 
water. Cork and shake vigorously until dissolved, warming 
slightly if necessary to room temperature. Add 1.5 cc. of strong 
ammonium hydroxide, shake again thoroughly. Add 10 ce. 
of ethyl alcohol 95 per cent, insert cork and shake again thor- 
oughly. Add 25 cc. of ethyl ether, insert the cork and again 
shake thoroughly. Add 25 cc. of petroleum ether and shake as 
before. Allow the ether layer to separate by leaving the flasks or 
tubes at rest for twenty minutes or by centrifuging, turning the 
handle of the machine 60 times at a slow rate of speed. Pour or 
draw off the ether layer into a previously weighed aluminum dish. 
Evaporate on the hot plate or on a hot water bath at a tempera- 
ture sufficient to allow complete evaporation, but not so high 
that spattering or too vigorous boiling will result. Add 4 to 
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5 ec. of alcohol to the residue left in the extraction flask or tube 
and mix thoroughly without inserting stopper. Add 15 cc. of 
ethyl ether, shake thoroughly, then 15 cc. of petroleum ether and 
again shake thoroughly. Separate the ether layer as before and 
pour off or draw off into the aluminum dish. Make a third 
extraction in exactly the same manner as the second, omitting 
any addition of alcohol. If necessary, carefully pour a few cubic 
centimeters of distilled water down the side of the tube just prior 
to pouring off third extraction to raise level of the aqueous layer, 
so ethers may be completely poured off. It is important that at 
no time should any of the aqueous layer be allowed to run into 
the aluminum dish. 

The time required for shaking, after adding the first portion of 
alcohol and subsequent additions of either ethyl or petroleum 
ether should be not less than one-half minute, providing the 
shaking is very vigorous. 

Each time after pouring off the ether layer, the lip of the extrac- 
tion flask or spigot should be rinsed with petroleum ether, allow- 
ing the rinsings to run into the aluminum dish. Petroleum ether 
should have a boiling point below 60 degrees and both petroleum 
and ethyl ether should be free from residue on evaporation. 

After the ether is entirely evaporated from the aluminum dish, 
it should be placed in the Mojonnier oven for five minutes with 
the temperature at exactly 135°C. or in boiling water oven for 
thirty minutes or longer, as required, to bring it to constant 
weight. In weighing the dishes both when empty and when 
containing the extracted fat, they should be at a temperature 
preferably within 1° of the temperature of the balance; and should 
never have more than 2° difference. Fresh sulphuric acid ap- 
pears preferable as drying medium in the desiccator in which 
the dishes are cooled. If desired, confirm the purity of the fat 
by dissolving in a little petroleum ether. If a residue remains, 
remove fat completely by solution and washing out dish with 
petroleum ether. Dry the residue and deduct weight. Blank 
all reagents. 





> ee. ? 2 
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5. Solubility index 


Apparatus required. A supply of 50 ce. conical sediment tubes 
specially graduated in one-tenth divisions from 0 to 1 ce., in 0.2 
divisions from 1 to 3 ec., and 0.5 divisions from 3 to 15 ce., and 
also at the 50 cc. mark. 

Suitable glass syphon tubes. 

Hamilton Beach electric mixer. 





Fic. 2. EquipMentT For So.LusBi.Lity INDEX 


Two hundred or 300 cc. glass beakers or glass tumblers of equal 
capacity. 

Fifty cubic centimeter wide mouth pipette. 

Wood adapter or rubber pad to hold the conical sediment tube 
in centrifuge cup. 

Procedure. Add 20 grams of dry skim milk to 200 ee. of dis- 
tilled or filtered tap water at a temperature of 60°F. and imme- 














332 E. C. THOMPSON, W. S. SLEMMONS AND R. 8S. FLEMING 


diately agitate vigorously by the use of a Hamilton Beach electric 
mixer for thirty seconds. If necessary transfer immediately to 
a suitable sized container so that after the foam has separated 
it can be readily removed from the surface by means of a spoon. 
Allow to stand at room temperature for a period of five minutes 
and then remove all the foam from the surface with a tablespoon. 
Agitate the milk thoroughly with the spoon by stirring rapidly 
for fifteen seconds and immediately pour 50 cc. into the specially 
calibrated conical tube. Place the conical tube at once in a hand 
or motor driven centrifuge and whirl for fifteen minutes at the 
normal R.P.M. Syphon off the supernatant liquid to 7 ce. 
mark if possible. If the amount of sediment is so large that this 
cannot be done, then syphon it within 2 cc. of the surface of the 
sediment, being careful not to draw any of the sediment into the 
syphon tube. Add about 25 ce. of distilled or filtered tap water, 
temperature 60°F ., and shake thoroughly so as to dislodge all of 
the sediment from the lower portion of the tube. If necessary 
use a metal wire to dislodge the sediment. Fill to the 50 ce. 
mark with distilled or filtered tap water, temperature 60°F., 
invert and shake the tube so as to mix the contents thoroughly 
and whirl a second time in the centrifuge for a period of fifteen 
minutes. Hold the tube in an absolutely vertical position so 
that the upper level of the sediment is in line with the eye. 
Read the amount of sediment in the tube and record the results in 
cubic centimeters. The upper surface of the sediment is easily 
seen when the tube is held toward a strong source of light. 

Note: It is important that the water used in determining 
solubility should be free from sediment and always at a tempera- 
ture of 60°F. Periods of stirring and centrifuging must also 
be observed exactly if reasonable checking results are desired. 
Do not use a steam turbine centrifuge and frequently check the 
speed to make sure that normal R.P.M. is maintained. The 
normal R.P.M. of the Babcock centrifuge varies according to the 
diameter of the wheel according to the following table: 
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Diameter of wheel PM, 
NEN 0. cir a's gulls afre docubecGtnism ookerick alle ald ane ean Se Ga 1074 
Boa i ee is oe ceca bh ukuele aaa mene 980 
a ae re aes ar om a alle ee ene 909 
CN Ga ks bo. gone baahnnw baw Seawen oeeh a Cuebeenbies 848 
oe So iw acc dk bake Rake kek kee bans shane es 800 
IR ia G5 nc wi ain wad ee eee eb aaen eke cakes eka eeeen 759 
IE eo. a aia de ae Seen Cea RRR AG eRe eEea eh 724 
es oss oa wn presen a x widens bw peli kas ie a arin dma ails 693 


6. Titratable acidity (reconstituted basis) 


To 200 cc. of neutral or distilled water, add 20 grams of dry 
skim milk. After the powder is apparently in solution, withdraw 
by means of a pipette 17.6 cc. and transfer to a white porcelain 
cup, or similar container. Rinse out the same pipette with 17.6 
cc. of neutral or distilled water and add it to the skim milk in the 
cup. Then add 0.5 cc. of a 0.5 per cent solution of phenolphtha- 
lein and titrate with n/10 sodium hydrate until a faint pink color 
persists for thirty seconds. The number of cc. of sodium hydrate 
used divided by 20 indicates the percentage of acidity of the 
reconstituted skim milk in terms of lactic acid. The phenol- 
phthalein solution should be prepared by dissolving one-half 
gram of dry phenolphthalein powder in 50 cc. of ethyl alcohol and 
adding 50 cc. of water after the powder has gone into solution. 


7. Foreign sediment and black specks' 


Apparatus required. Wisconsin sediment tester using 1} inch 
disc. 

Supply of 13 inch cotton dises. 

Twelve ounce Bell top tumblers (2 inches diameter at base). 

Procedure. One pint of restored milk containing 10 grams of 
the powder in 100 cc. should be passed through a 1} inch disc 
sediment tester and the disc examined, for foreign sediment, burnt 
particles, and compared with standard disc illustrations. If 
re-dissolved powders will not pass through the sediment tester, it 


1QOn account of difficulty in printing disc charts, photographic copies will be 
supplied on request to the American Dry Milk Institute, Inc., 221 North La 
Salle Street, Chicago, accompanied by 80 cents to cover cost. 
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is suggested that a one-half pint sample be allowed to stand in a 
12 ounce bell-top tumbler (diameter of base 2 inches approxi- 
mately) for five hours and amount of sediment in the bottom of 
the tumbler be compared with the standard tumbler illustration. 


8. Flavor and odor 


The dry skim milk should be examined for flavor and odor one 
hour or more after restoring to normal liquid form. It should 
be classified as: good, fair, or bad, off odors and flavors being 
characterized by such terms as—storage, stale, tallowy, rancid, 
cheesy, putrid, cowy, fishy, metallic, cooked or flat. 


9. Bacterial count (reconstituted basis) 


A. Completely dissolve 10 grams of a well mixed powder in 100 
ec. of sterile, distilled water. It is suggested that this be done 
by weighing 10 grams directly into a 6 ounce sterile bottle con- 
taining 100 cc. of sterile water and furnished with a sterile rubber 
stopper. It is important that the mixture be thoroughly shaken 
so as to make sure that the powder is completely dissolved. 

B. After reconstitution as in A, follow the procedure as out- 
lined for the microscopic colony count (plate method) as published 
in the Standard Methods of Milk Analysis of the American 
Public Health Association, Fifth Edition, 1927. It is important 
to note that the final count is to be expressed as the plate count 
per cubic centimeter of the reconstituted solution. 


ACCURACY OF RESULTS 


It is not infrequent that in noting the results of laboratory 
analyses one observes that variations occur when duplicate 
determinations are made. He is prone to feei that the analyses 
cannot be relied upon unless results check exactly. The fact 
that the method of analysis has been recommended by a Com- 
mittee who have given the details of the method careful considera- 
tion and study does not insure the fact that it is absolutely exact. 
It simply indicates that it is the best method they are able to 
recommend. In order that one may appreciate the limitations 
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of results that can be obtained upon duplicate analysis, a study 
has been made of the possible variations that may be expected 
and for information and guidance they are indicated as follows: 

a. When determinations are made on the same sample in a 
given laboratory: 

1. Moisture should check within 0.2 per cent. 

2. Fat should check within 0.1 per cent. 

3. Acidity of reconstituted skim milk should check within 
0.01 per cent. 

4. Solubility Index should check within: 

0.1 cc. where the total sediment is not greater than 1 cc. 

0.1 ce. to 1 cc. where the total sediment is between 1 cc. and 
10 cc. The greater the sediment the greater the variation. 

2 cc. where the total sediment is above 10 ce. 

b. When determinations are made on duplicate samples in 
different laboratories: 

1. Moisture should check within 0.4 per cent. 

2. Fat should check within 0.3 per cent. 

3. Acidity of reconstituted skim milk should check within 
0.02 per cent. 

4. Solubility Index should check as above. 

The method of determining bacterial count has been adopted 
because it is the procedure generally followed for making bacterial 
counts in all dairy products. Wide variations in count are 
frequently noted and it is suggested that two or more determina- 
tions be made each on a different sample. 











STUDIES ON THE CHEMICAL COMPOSITION OF 
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With the development of methods for the analysis of blood, a 
valuable tool has been placed in the hands of experimenters in 
physiology and nutrition and of physicians in the clinical labora- 
tory. At the present time a great deal of information is available 
on the abnormal composition of human blood in disease. A 
knowledge of the composition of normal blood was obviously a 
preliminary necessity for the interpretations of these abnormali- 
ties. 

In order to extend the use of blood analysis to cattle, normal 
values must first be established for the various blood constituents. 
A considerable amount of data along this line are available at the 
present time. Abderhalden (1) in 1898 published a rather com- 
plete analysis of the blood of various domestic animals including 
cattle. More recently important contributions have been made 
by Meigs, Blatherwick and Cary (22), Blatherwick (6), Robinson 
and Huffman (23) and Hayden and his co-workers (18, 19, 20). 
In the course of our study on the composition of the blood of 
dairy cattle under various conditions we have accumulated con- 
siderable data on normal animals which we have assembled in this 
paper. It is hoped that these data may add to the present knowl- 
edge of normal bovine blood and may be of value to future 
workers in the field of bovine physiology, nutrition, and pathol- 
ogy. 

METHODS 


Blood samples were obtained from the jugular vein with as 
little stasis as possible. ‘Two samples were always taken, one in a 


* Publication authorized by the Director of the Pennsylvania Agricultural 
Experiment Station as Technical Paper No. 485. Received for publication 
February 1, 1930. 
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small Erlenmeyer flask, with no oxalate, for the preparation of 
serum in which calcium and phosphorus were determined; the 
other in a large test tube under paraffin oil, using 40 mgm. of 
lithium oxalate to prevent clotting. About 75 cc. of blood were 
collected in this manner to be used for the determination of hemo- 
globin, carbon dioxide and the substances included in the Folin- 
Wu system of blood analysis. The portion of the sample used for 
the determination of carbon dioxide was centrifuged immediately 
under paraffin oil and the plasma removed. 

Hemoglobin and carbon dioxide were determined by the gaso- 
metric methods of Van Slyke (25, 26). For the estimation of 
non-protein nitrogen, creatine, creatinine, uric acid, sugar and 
chlorides, a protein free filtrate was prepared according to the 
procedure of Folin and Wu (12). Non-protein nitrogen, creatine 
and creatinine were determined by the original procedure of Folin 
and Wu (12). Uric acid was determined by Benedict’s method 
(5), sugar by the method of Folin and Wu (13) and chlorides by 
the method of Whitehorn (28). Urea nitrogen was determined 
on whole blood by the method of Van Slyke and Cullen (27). 
Phosphorus was determined in three forms, namely, inorganic, 
hydrolyzable organic and total acid soluble phosphorus, using 
the Briggs modification (7) of the Bell-Doisy method (2) with 
some slight modifications of procedure. Calcium was deter- 
mined by Clark and Collip’s modification (8) of the Kramer and 
Tisdall method (21, 24). 


EXPERIMENTAL 


The work embodied in this report includes the analysis of 59 
samples of blood taken from the dairy herd of the Pennsylvania 
State College. The animals include calves and adults of various 
ages and breeds. The animals received the regular ration used 
for the dairy herd. The blood samples were taken during the 
late summer, fall, and winter and no attempt was made to study 
seasonal variations. The results, which are averages of duplicate 
determinations, are presented in tables 1 and2. The animals are 
grouped into 4 groups on the basis of age. In the first group are 
those animals less than one month of age. In the second group 
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are animals from one to five months of age. The third group in- 
cludes those from six to ten months of age, and the last group 
includes animals from one to nine years of age. 

In table 2 is given a summary of results given in table 1, with 
averages for various age groups, for male and female, and for the 
different breeds. The results obtained by other investigators are 
also given in this table. The results of other investigators have 
been recalculated in some cases so that all the data presented in 
table 2 might be comparable. 

Hemoglobin. Tables 1 and 2 show the results of 29 analyses of 
blood for hemoglobin. The results are expressed as per cent 
normal and the values range from 70.3 to 121.7, the average value 
being 92.9. The hemoglobin content appears to be highest in 
the animals less than one month of age. Females show a higher 
value than males and Holsteins show the highest average of the 
various breeds. Our results agree well with those of Hayden and 
Fish (18). 

Non-protein nitrogen. Our figures for non-protein nitrogen 
are in very close agreement with those of other investigators. 
Fifty-nine determinations give an average of 30.07 mgm. per 100 
cc. of blood with values ranging from 20.67 to 42.14 mgm. The 
averages for the various groups of animals are all very close to the 
total average. 

Urea nitrogen. Fifty estimations in the course of our work 
have given an average of 12.94 mgm. of urea nitrogen per 100 cc. 
of blood, with minimum and maximum values of 4.40 and 21.64 
mgm. respectively. The low value of 4.40 mgm. was obtained 
on asample from acalf one day old. The averages for the various 
groups differ only slightly from the grand average except in the 
case of the Brown Swiss-Jersey cross. It should be noted that 
this value of 9.18 is for one individual. Our results agree with 
those of most of the other investigators. 

Uric acid. For 59 determinations of uric acid, using the direct 
method of Benedict (5), we report an average of 2.08 mgm. which 
exactly duplicates the findings of Hayden and Sholl (19). Our 
values range from 1.50 to 3.22 mgm. The only group of animals 
which differs decidedly from this value is that of the older animals, 
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from one to nine years of age, where an average of 2.46 mgm. 
was found. 

Our results check well with those of investigators who have 
used the direct method for the determination of this constituent. 
Folin and Dennis (10), using a method in which the uric acid is 
isolated from a blood filtrate as the silver salt before being deter- 
mined colorimetrically, report a much lower value of 0.2 mgm. 
Benedict (4) using his modifications (3) of this technique ob- 
tained a value of 0.56 mgm. He pointed out that the uric acid 
determined by this method is “‘free’’ uric acid and that this is only 
a small fraction of the uric acid present. The remainder exists 
in a ‘‘combined”’ form from which it is easily set free by hydrolysis 
with acid. Davis and Benedict (9) have shown that the uric acid 
is combined with a pentose. After hydrolysis of a protein-free 
blood filtrate, he obtained values as high as 6.7 mgm. It should 
therefore be pointed out that our results and those of the other 
investigators whose results are reported in table 2 very likely do 
not represent true uric acid values but only that which is set free 
under the conditions of the analysis. 

Creatine. In our work, we have found an average of 4.30 mgm. 
of creatine per 100 cc., with values ranging from 2.49 to 7.78 mgm. 
The oldest animal group showed the greatest variation from the 
average, with an average value of 3.93 mgm. The low value of 
3.46 for the Brown Swiss-Jersey cross is possibly not significant 
since there is only one individual in this group. It should be 
noted that we have reported actual creatine values and not crea- 
tine plus creatinine. 

Our results do not agree with those of other investigators. 
Folin and Dennis (11) report 10.44 mgm. and Greenwald and Mc- 
Guire (15), using Folin’s technique, report 7.23 mgm. The latter 
investigators feel that Folin’s method gives high results and they 
report a value of 2.35 mgm. using a new method. 

Creatinine. From 59 determinations for creatinine we have ob- 
tained an average of 1.42 mgm. per 100 cc. with values ranging 
from 1.19to 1.94mgm. With the calves the values decrease with 
age. Holsteins give the highest average and Jerseys the lowest. 
There is considerable variation in values reported by other investi- 
gators. 
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Sugar. Our work has given an average of 84.1 mgm. of sugar 
for 58 determinations with values ranging from 43.2 to 142.0 mgm. 
A rather striking feature of the data is that blood sugar values 
decrease as the age of the animal increases. The youngest group 
gave an average of 105.0 mgm. while the group of older cows gave 
an average of 51.2 mgm. In other work we have always found 
low blood sugar values with cows which are lactating heavily. 
Our results for cows agree very closely with those found by Hay- 
den and Scholl (19). 

Chlorides. As a result of 55 analyses, we report an average of 
492 mgm. of sodium chloride per 100 cc. The results range from 
426 to 546 mgm. The animals in the group less than 1 month of 
age gave an average of 469 mgm. which is the group showing the 
greatest variation from the total average which we report. The 
value of 532 mgm. for Brown Swiss-Jersey is the result for one 
animal. Our average is about an average of results reported by 
other investigators. 

Inorganic phosphorus. As a result of 20 analyses, we obtained 
an average of 4.46 mgm. of inorganic phosphorus per 100 cc. of 
serum, with values ranging from 3.09 to 6.17 mgm. The con- 
spicuous thing about these results is that as the age increases the 
phosphorus values decrease. The group of youngest calves gives 
an average of 5.06 mgm., while the cows give a value of 3.62 mgm. 
per 100 cc. of serum. Females give a higher average than males 
and Ayrshires and Guernseys give higher averages than Holsteins 
and Jerseys. There is considerable variation in the values re- 
ported by other investigators. 

Inorganic plus hydrolyzable organic phosphorus. In the work 
reported on blood phosphorus, we have found that in most cases 
only inorganic phosphorus has been considered. Meigs, Blather- 
wick and Cary (22) have reported on phosphorus distribution in 
blood plasma, but the distribution is not analogous to that which 
we report. 

As a result of 16 determinations of inorganic plus hydrolyzable 
organic phosphorus in blood serum, we have found an average of 
6.12 mgm. per 100 cc. with values ranging from 3.46 to 7.9 mgm. 
Here, again, the very young animals showed higher values than 
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the more mature ones. The average for females is nearly twice 
that for males. By deducting the average inorganic phosphorus 
from the average of the combined forms, we get 1.17 mgm. for the 
average hydrolyzable organic phosphorus in 100 cc. of blood 
serum. 

Total acid soluble phosphorus. Hayden and Fish (18) report 
an average of 9.29 mgm. of acid scluble phosphorus per 100 cc. of 
serum as a result of 29 determinations on cows. 

From 14 determinations we report an average of 7.46 mgm. of 
total acid soluble phosphorus per 100 cc. of serum, with values 
ranging from 5.30 to 8.57 mgm. Our results show a considerably 
higher average for calves than for older animals. Our results on 
cows are much lower than those reported by Hayden and Fish 
(18). 

From all our results on the various forms of phosphorus in blood 
serum, it is clear that the serum of young growing animals has a 
higher phosphorus content than that of mature animals. This 
is to be expected when one considers the phosphorus requirement 
for bone-building in young animals. The lower phosphorus con- 
tent of the serum of mature cows is also reasonable when one 
considers the large amounts of this element which are secreted 
into the milk. 

Calcium. The results which we report for calcium gave an 
average of 12.63 mgm. per 100 cc. of serum for 55 analyses, with 
a range of 9.96 to 16.18 mgm. The results indicate no noticeable 
differences in the calcium content of young and mature animals. 
The average for 5 cows from four to nine years of age is 13.31 
mgm., while that for 9 calves ranging from one to twenty-eight 
days of age is 13.22 mgm. Our results are quite definitely higher 
than those of all the other investigators except Hart and his 
co-workers (16). 

Carbon dioxide. In our work we have determined carbon diox- 
ide on 36 individuals with results ranging from 31.5 to 76.8 ce. 
per 100 cc. of plasma. The average value is 58.93 cc. A notice- 
able observation is that the plasma of cows’ blood binds less carbon 
dioxide than that of calves. This has also been noted by Blather- 
wick (6). Males give a higher average than females. Our 
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average value is very close to that found by Robinson and Huff- 
man (23). 


SUMMARY 


Fifty-nine samples of blood from dairy calves and cows have 
been analyzed for hemoglobin, non-protein nitrogen, urea nitro- 
gen, uric acid, creatine, creatinine, sugar, chlorides, phosphorus, 
calcium and carbon dioxide binding capacity. The results are 
given in tables 1 and 2. 


The authors wish to acknowledge the coéperation of Dr. S. I. 
Bechdel of the Department of Dairy Husbandry in allowing us 
free access to the dairy herd. 
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BOOK REVIEWS 


Milk and Milk Products. CLARENCE Henry EcKiEs, WILLEs BARNES 
Comss, AND Harotp Macy, University of Minnesota. Published 
by McGraw-Hill Book Company, New York, 1929. 

This book was prepared to serve as a text for the first course in dairy 
manufactures in colleges of agriculture. It is based upon the experi- 
ences of the authors in teaching this course. Their accomplishments in 
teaching will recommend this book to everyone concerned with the 
teaching of the introductory course in dairying. 

The book covers the composition and properties of milk, a brief survey 
of bacteriology, methods of testing, the processing of market milk, and 
the manufacture of butter, cheese, ice cream, dry milk, condensed milk, 
and milk by-products. 

The introduction, giving the history and development of the dairy 
industry, is especially interesting even to an advanced student. The 
authors are to be commended for having omitted the customary chapter 
on the physiology of milk secretion and the over-used diagramatic sec- 
tion of a cow’s udder. The organization of material is excellent except 
that the appendix contains tests even though it is preceded by a chapter 
on “Miscellaneous Tests.”” There is some repetition of tests. 

It is doubtless essential to make statements in introductory books 
without all the necessary qualifications. One of the purposes of ad- 
vanced courses is to explain why the definite, simple statements made in 
the elementary course are not absolutely true. In this book one might 
desire more detail concerning certain statements, as, for example the 
“slight practical significance” of the germicidal action of milk in view of 
its extensive use in not cooling morning’s milk; the delivery of 18 grams 
by the 17.6 cc. pipette, etc. Such points are minor except to illustrate 
the difficulty encountered in preparing an introductory book which must 
give positive statements with little explanation, and the need for toler- 
ance in interpreting every word and phrase with absolute exactness. 

In these days when plant managers, advertising specialists, econo- 
mists, etc., enter the dairy industry without an intimate knowledge of 
the industry, this book ought to make a special appeal to them. The 
information would be as valuable and available to them as it is to the 
college student. 

A. C. DAHLBERG. 
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~ Only 
| “PRECISION” heating 


can give absolute control 





eS 





an 


The CP Double Tube Precision Milk Heater, 6000 pounds capacity. ] 
Also built in larger sizes, both with and without insulation. 


T IS well known that absolute control of temperatures throughout the entire 
pasteurizing process means a deeper cream layer and a sweet natural 
flavor. Better tasting milk and more cream brings more sales. . . and with 
a Precision heater the milk dealer has more to sell. Because the treatment is 
always uniform, quality remains at the same high level, day after day. 


In the Precision heater, CP has controlled temperature so accurately that 
variations are positively limited to 1°F. There can be no overheating or 
scorching of any part of the milk. Every drop is heated with no chance for 
irregular flow or cooked flavors. Precision heating means a better product 
and greater profits. 


Please write for descriptive bulletins and complete information. 


THE CREAMERY PACKAGE MFG. COMPANY 


1244 W. Washington Blvd. CHICAGO Branches in 16 Cities 
Your advertisement is being read in every State and in 25 Foreign Countries 
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At Leading Universities 


as well as in commercial dairy plants everywhere, the Mojonnier method of 
vacuum condensation has been adopted with marked success. The new models 
have many features that improve the ease and efficiency of operation. 








Mojonnier | 
Vacuum Condensing Units§ 





are the result of years of study of this 
important operation in the dairy industry 
and are built to exacting specifications by 
expert craftsmen. Made in several sizes 
from a special 15” laboratory model to 
the big 6 foot model. Write for detailed 
descriptive bulletin. 


ionnion B03. Co. 


MILK ENGINEERS 
4601 W. Ohio St., Chicago, Ill. 
SALES BRANCHES 


St. Louis, Mo. New York N. Y. Oakland, Calif. 
Columbus, Ohio Cleveland, Ohio 














A booklet of valuable information } 


Practical | A Medical Man Looks At Golf 
Milk Quality Tests | Mental Handicaps 
By 


in Golf 

VALDEMAR CHRISTENSEN 
Chemist and Micro-Biologist by 
THEO. B. HYSLOP, M.D., F.R.S.E. 
Forewords by 

“Practical Milk Quality Tests’”’ is the ROLF CREASY 
subject $ 2 a by, pe a ow —— | and 
tensen of the io Food an airy Lab- T ERNDY TAY 
oratory, 3124 Harvard Avenue, Cincin- =— HENRY ro 
nati, Ohio. It describes in detail the prin- nen SR Sen eyes ee 
ciples and methods of the Methylene Blue as p 's “s 
Reduction test and the Fermentation test A small volume of wisdom and advice 
as carried out with the Company’s “Milk ||] on certain seldom discussed phases of 
Grader’’ apparatus, the Catalase test and i went ; 
“Catalase Tester” and the “Excess Acidity the ancient royal game of golf. 
Test.’’” The booklet also contains descrip- 
tions and prices of the milk control ap- 
paratus mentioned above. These tests are 
widely employed in official milk control 
work and the booklet should be of interest 
to all milk control laboratories.”’ 


| 
| 
OHIO FOOD & DAIRY LABORATORY 
| 





Editorial comment in April 1929 issue of 
“Certified Milk’’, p. 28 


Entertaining—I nstructive 
Green Silk 44x64 112 pages 


Price $1.50 
THE Wiiuiams & WILKINS COMPANY 


Publishers of Scientific Books and Periodicals 
BALTIMORE, U. S. A. 


3124 Harvard Ave., Cincinnati, O. 





Copy free on request, while the stock lasts 

















Your advertisement is being read in every State and in 25 Foreign Countries 
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Only 
Kimble Botiles 


haveall 5 Features 









All Babcock Test Bottles made 
by Kimble have these 5 exclu- 
sive features: 


REANNEALED — eliminat- 


ing strains which cause break- 


PR NT RS On ny ee 


é ee) 7 ‘ 


age. 
SHINY BLACK ENAMEL 
GRADUATIONS — impervi- 
ous to cleaning operations 
and wear. 

DOUBLE LINE NUMER- 
ALS—easier to read. 
BUREAU OF STANDARDS 
GRADUATIONS — guaran- 
teed accurate. 


SAND BLASTED LABEL— 


a clean surface for marking. 


“S 


Kimble Test and Control 
Glassware is “‘stocked’’ by lead- 
ing dairy supply houses through- 


out the country. 





















The Visible Guarantee of Invisible Quality 
KIMBLE GLASS COMPANY. VINELAND, N.J., New York, Chicago. 


> —a > —a »> -<a 


Your advertisement is being read in every State and in 25 Foreign Countries 
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ONE MILLION 
COLONIES OF 
BACTERIA PER 
CUBIC CENTI- 
METER 


One million colonies of bacteria 
per cubic centimeter in milk often 
develop from contact with a single 
unclean utensil at the dairy farm. 


This is preventable by the proper 
care of milk equipment by rinsing 
or spraying utensils and equipment 
with a B-K dilution just before 
they are used. 

Heat methods are impractical 
and almost impossible on the dairy 
farm as it requires a minimum of 
nine cubic feet of steam to satis- 
factorily sterilize a can for its 
contact with milk. 

A thorough rinsing of dairy uten- 
sils in a B-K solution effectively 
prepares them for receiving the 
milk and eliminates the danger of 
bacteria contamination at a cost of 
labor and money that is negligible. 


General Laboratories, Inc. 
729 So. Dickinson St. 
Madison 


Wisconsin 
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Theses - Problems 


The college trained staff of this organi- 
zation gladly furnishes data and in- 
formation for theses and problems. 


Why not include this service in your 
plans for the present academic year? 


The American Guernsey 
Cattle Club 


5 Grove Street Peterboro, N. H. 














MILK CONNECTIONS WANTED 


Would like to connect with a milk company as Sales man- 
ager. Object of putting about $10,000 in the business about 
December Ist. Thoroughly experienced with the big 
daries. At present conducting circulation for a prominent 
city newspaper. Best references, Publishers, Bankers, 
Milk Executives. Address Bor ‘‘H,"’ 
Dairy Science 


care of Journal of 











PA. Mailing Lists 
a. Will help you increase sales 
Sard oe FRE eens SS eS 


b Le 


refund Feach 


fund of 
ROSs-Gouta Cofeea St Louis 














MARSCHALL 
RENNET anp COLOR 


STRONG 
PURE 


DEPEND- 


Made in the largest and best equipped 
Rennet factory in America! 


THE MARSCHALL DAIRY LABORATORY 


MADISON. WISCONSIN 





Your advertisement is being read in ever) State and in 25 Foreign Countries 
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iy Sands bic, siesacc has ann tay hale So 
ture media. Need not be: filtered or adjusted. Reaction is 


standardized at pH 6.6: Approved in “Standard Mettiods 
of Milk Analysis 1927.” 


A product with remarkable growth stimulating 


properties. 
Prepared as a substitute for beef extract’ in special. media. 
Yields clear solutions. 


Completely soluble and standardized in reaction at’ pH-7.0) 
ee eee ee Seats Methods of Milk Analysis 
; “DIRCOM.. 


THE NAMS OF THE PIONEERS: 
In the research and devetépment of Bact-Peptone and Dehydrated Coltare Media. 


DIGESTIVE FERMENTS COMPANY 
DETROIT, MICHIGAN, U. S..A. 








“The world owes a living only ta the 
nan'tghe- eattes it; hence «:loe-of people. 
are getting head over heels: im: debs.” 


if by the quality of our produtt and the'service we 
give you, we do not earn the right. to ask. for’ your 
business, we have no. nght to. expect it. The owe 
fine quality of our 


KVP GENUINE. VEGETABLE PARCHMENT 


“wrappers we feel gives us this. right: 


KALAMAZOO: VEGETABLE’ PARCHMENT: CO. 


KALAMAZOO; MICHIGAN. 
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